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CONVERSATION XII. 

ON THE ATTRACTION OF COMPOSITION. 



MRS. B. 

Having completed our examination of the simple 
or elementary bodies, we are now to proceed to 
those of a compound nature : but, before we enter 
on this extensive subject, it will be necessary to 
make you acquainted with the principal laws by 
which chemical combinations are governed. 

You recollect, I hope, what we formerly said of 
the nature of the attraction of composition or che- 
mical attraction, or affinity, as it is also called ? 

EMILY. 

Yes, I think, perfectly : it is the attraction that 
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snbsisU between bodies of a different nature, which 
occasions them to combine and form a compound, 
when ihey come in contact. 

MRS. B. 

Very well; your definition comprehends the first 
law of chemical attraction, which is, that it takes 
place otdy letTBeen bodies of a differeiU nature ; as, 
for instance, between an acid and an alkali; be- 
tween oxygen and a metal, &c. 

CAROLINE. 

That we understand, of course; for the attraction 
between particles of a similar nature is that of ag- 
gregation, or cohesion, which b independent of any 
chemical power. 

MBS. B. 

The second law of chemical attraction is, that il 
takes place on/y between the mast minute particles of 
bodies 1 therefore the more you divide the particles 
of the bwlies to be combined, the more readOy they 
act upon each other. 

CAROLINE. 

;ain a circumstance wVch we might 

inferred; for the finer the particles of the two 

s are, the more easily and perfectly they 

; in contact with each other, which must 

iQy facilitate their union. It was for this pur- 

^you said, that you used iron filingSj in pre- 

! to wires or pieces of iron, for the deconi- 

3 of water. 
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MRS* B« 

It was once supposed that no mechanical power 
could divide bodies into particles sufficiently minute 
for them to act chemically on each other; and that, 
in order to produce th^ extreme division requisite for 
that purpose, one, if not both of the bodies, should be 
in a fluid state. There are, however, a few instances 
in which two solid bodies, very finely pulverised, 
exert a chemical action on each other; but such 
exceptions to the general rule are very rare. 

EMILT. 

In all the combinations that we have hitherto 
seen, one of the constituents has, I believe, been 
either liquid or aeriform. In combustions, for 
. instance, the oxygen is taken from the atmosphere, 
in which it existed in the state of gas ; and when- 
ever we have seen acids combine with metals or 
with alkalies, they were either in a liquid or an 
aeriform state. 

Mrs. b. 
The third law of chemical attraction is, that it 
can take place between two, three^ fa^^ or even a 
gi eater number of bodies, 

CAROLINE. 

Oxides and acids are bodies composed of two 
Constituents; but I recollect no instance of the 
combination of a greater number of principles. 

MRS. B. 

The compound salts, formed by the union of the 

B 2 
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metals with acids, are composed of three principli 
And there are salts formed by the combination of 
the alkalies with the earths which are of a simUai 
description. 

kCAROI-lNE. 
Are they of the same tind as the metallic salts? 

MRS. B. ' 

Yes; they are very analogous in their natanj 

although different in many of their properties. 

A methodical nomenclature, similar to that of 
the acids, has been adopted for the compound salts. 
Each individual salt derives its name from its con- 
stituent parts, so that every name implies a know- 
ledge of the composition of the salt. 

The three alkalies, the alkaline earths, and the 
metals, are called salifiaUe bases or radicals; and 
the acids, sallying principles. The name of eac^h 
salt is composed both of that of the acid and the 
salifiable base ; and it terminates in ale or He, aa- 
cording to the degree of the oxygenation of the 
acid. Thus, for instance, all those salts which are 
ibrmed by the combination of the sulphuric acid 
with any of the salifiable bases, are called svlphates, 
and the name of the radical is added for the speciBc 
distinction of the salt ; if it be potash, it will com- 
pose a sulphate q/' potas/i ,■ if ammonia, sulphate qf- 

EMILY. 

I The crystals which we obtained from the com- 
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bination of iron and sulphuric acid were therefore 
sulphate of iron P 

MRS. B. 

Precisely : and those which we prepared by dis- 
solving copper in nitric acid, nitrate of copper, and 
SO on. — But this is not all ; if the salt be formed 
by that class of acids which ends in ous (which you 
know indicates a less degree of oxygenation), the 
termination of the name of the salt will be in ite, as 
sulphite of pot ashy sulphite qfammonioj &c 

EMILY. 

There must be an immense number of compound 
salts, since there is so great a variety of salifiable 
radicals, as well as of salifying principles. 

MRS. B. 

Their real number cannot be ascertained, since 
it increases every day. But we must not proceed 
further in the investigation of the compound salts, 
until we have completed the examination of the 
nature of the ingredients of which they are com- 
posed. 

The fourth law of chemical attraction is, that a 
charge of temperature always takes place at the mo- 
ment of combination. This arises from the extrica- 
tion of caloric, which always occurs when bodies 
unite ; and also sometimes in part from a change 
of capacity of the bodies for heat, which always 
takes place when the combination is attended with 

B 3 
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an increase of density, but more especially when 
the compound passes from the liquid to the solid 
form. I shall now show you a striking instance of 
a cliange of temperature from chemical udIod, 
merely by pouring some nitric acid on this smnll 
quantity of oil of turpentine — the oil will instantly 
combine with the oxygen of the acid, and produce 
a considerable change of temperature. 

CAROLINE. 

What a blaze ! the temperature of the oil and 
[ the acid must be greatly raised, indeed, to produce 
[ such a violent combustion. 

MRS. 6. 

There is, however, a peculiarity in this combus- 
which is, that the oxygen, instead of being 
lerived from the atmosphere alone, is principally 
■•upplied by the acid itself. 

EMILY. 

And are not all combustions instances of the 
fe^ange of temperature produced by the chemical 
mbinatioQ of two bodies ? 



Undoubtedly; when oxygen loses its gaseous 
L form, in order to combine with a solid body, it 
rbecomes condensed, and the caloric evolved pro- 
r duces the elevation of temperature. The specific 
t gravity of bodies is at the same time altered by 
f themical combination; for in consequence of a 
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change of capacity for heat, a change of density 
must be produced. 

CAROLINE. 

That was the case with the sulphuric acid and 
water, which, by being mixed together, gave out a 
great deal of heat, and increased in density. 

MRS. B. 

The fifth law of chemical attraction is, that the 
properties "which characterise bodies, when separate, 
are altered or destroyed by their combination. 

CAROLINE. 

Certainly ; what, for instance, can be so different 
from water as the hydrogen and oxygen gases ? 

EMILY. 

Or what more unlike sulphate of iron than iron 
or sulphuric acid ? 

MRS. B. 

Every chemical combination is an illustration of 
this rule. But let us proceed : — 

The sixth law is, that the force of chemical affinity 
between the constituents of a body is estimated by that 
which is required for their separation. This force 
is not always proportional to the facility with which 
bodies unite; for manganese, for instance, which, 
you know, is so much disposed to unite with oxygen, 
that it is never found in a metallic state, yields it 
more easily than any other metal. 
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^^H EMlLf. 

^^r But, Mrs. B., you speak of estimaUDg the force 
of attraction between bodies by the force requind 
to separate them; how can you measure these 
forces? 

Hits. B. 

Tbey csnnot be precisely measuted, but they 
comparatively ascertained by experiment, and > 
be represented by nunibers which express, at least 
by approximation, the relative degrees of attracCioti. 

Tfie seventh law is, that bodies have ai 
themielves different degrees of attraction. Upon this 
law the whole science of chemistry depends ; for if 
is by means of the various degrees of affinity which' 
IkhHcs have for each other, that all the chemi- 
ch! compositions and decompositions are effected. 
Whenever the decomposition of a body is per- 
formed by the addition of any single new substance, 
it is said to be effected by simple elective attractions, 
JJut it often happens that no simple substance will 
tlecompose a body, and that, in order to effect this, 
yon must offer to the compound a body which is 
iticlf composed of two, or sometimes three prin- 
riplcB, which would not, each separately, performi, 
the decomposition. In this case, there are two' 
new compounds formed in consequence of a reci-J 
procal decomposition and re com position. All ii 
^tances of this kind are called double electi: 
pracliuns. 

CAROLINE, 

1 1 confess I do not understand this clearly. 
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MRS. B. 

You will easily comprehend it by the assistance 
of this diagram, in which the reciprocal forces of 
attraction are represented by numbers: — 







Original Compound^ 








Sulphate of Soda. 
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Nitric Acid 4? Lime 


of Lime 
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Original Compound^ 
Nitrate of Lime. 
We here suppose that we are to decompose sul- 
phate of soda ; that is, to separate the acid from 
the alkali : if, for this purpose, we add some lime, 
in order to make it combine with the acid, we shall 
fail in our attempt, because the soda and the sul- 
phuric acid attract each other by a force which is 
superior, and (by way of supposition) is represented 
by the number 8 ; while the lime tends to unite 
with this acid by an affinity equal only to the num- 
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l}er of 6. It is plaiu, therefore, that the 5ul|^ieiel 
of soda will not be decomposed, since a fiavl 
equal to 8 canoot be overcome by a force eqiuil 
only to 6. 

CAROLINE. 

»So far, this appears very clear. 
MRS. B. 

If, on the other hand, we endeavour to decoR^ 
pose this salt by nitric acid, which tends to combine 
with soda, we shall be equally unsuccessful, at 
nitric acid tends to unite with the alkali by a (oret 
equal only to 7. 

In neither of these cases of simple electife 
attraction, therefore, can we accomplish our pur- 
pose. But let us previously combine together the 
lime and nitric acid, so as to form a nitrate of lime, 
a compound salt, the constituents of which are 
united by a power equal to i. If, then, we present 
this compound to the sulphate of soda, a decompcH 
ation will ensue, because the sum of the forces 
which tend to preserve the two salts in their actu^ 
state is not equal to that of the forces which tend to 
decompose them, and to form new corabinatiojiB. I 
The nitric acid, therefore, will combine with i 
I, and the sulphuric acid with the lime. 

CAROLINE. 

[ understand you now very well. This doi 

effect takes place because the numbers 8 and ^ 

which represent the degrees of attraction of t 
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ostitaents of the two original salts, make a sum 
less thaD tbe Dumber 7 and 6, which represent the 
degrees of attraction of the two new compounds 
that will in consequence be formed. 



Precisely so. 

CAROLINE. 

Gut what is the meaning of quiescent and diveSetd 
forces, which are written in the diagram ? 



MRS. B. 

Quiescent forces are those which tend to pre- 
serve compounds in a state of rest, or such as they 
actually are: divellent forces, those which tend to 
destroy that stale of combination, and to form new 
compounds. 

These are the principal circumstances relative 
to the doctrine of chemical attractions, which have 
been laid down as rules by modern chemists : a 
few others might be mentioned respecting the same 
theory, hut of less importance, and such as would 
take us too far from our plan. I should, however, 
: not omit to mention that Mr. Berthollet, a cele- 
brated French chemist, has questioned the uniform 
operation of elective attraction, and has advanced 
tiie opinion, that, in chemical combinations, tbe 
changes which take place, and the proportions in 
which bodies combine, depend not only upon the 
affinities, but, also, in some degree, on the respec- 
tive quantities of the substances concerned, on the 
B 6 



i 



ON THE ATTRACTION 

!at applied during the process, and some otlia 
circumstances. 

CAROLINE. 

In that case, I suppose, there would bardly^l 

I two compounds exactly similai-, though coqppogei 
I of the same materials ? 



On the contrary, it is found that a remarkable 
uniformity prevails, as to proportions, between 
ingredients of bodies of similar composition. Thus 
water, as you may recollect to have seen i 
former conversation, is composed of two voluma 
of hydrogen gas to one of oxygen, and this 
always found to be precisely the proportion of iu 
constituents, from whatever source the water b( 
derived. The same uniformity prevails with 
yard to the various salts ; the acid and alkali, 
each kind of salt, being always found to combine 
in the same proportions. Sometimes, it is truet 
the same acid, and the same alkali are capabh 
making two distinct kinds of salts; but in all thesA 
cases it is found, that one of the salts contains 
twice, or, in some instances, thrice as much acid 
OP alkali, as the other. 



EMILY. 

If the proportion in which bodies combine are- 
so constant and so well defined, how can Mr. Eer- 
thollet's remark be reconciled with this uniform 
■stem of combination ? 
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MRS. B. 

Great as that philosopher's authority is in che- 
mistry, it is now generally supposed that his doubts 
on this subject were, in a gi'eat degree, groundless ; 
and that the exceptions he has observed in the laws 
of definite proportions have been only apparent, 
and may be accounted for consistently with those 
laws. 

EMILY. 

I think I now understand this law of definite 
proportions very well, so far as it regards the gases, 
such as oxygen and hydrogen, in the instance you 
have just mentioned ; but in the case of acids and 
alkalies, when the bodies are either liquid or solid, 
I do not conceive how their bulks or volumes can 
be measured in order to ascertain the proportion 
in which they combine? 

MRS. B. 

Your question is quite in point : the fact is, that 
the law of combination, hy volume^ does not prevail 
in regard to liquids and solids. In these, we must 
leave the circumstance of bulk entirely out of con- 
sideration. It is to their weight that we must 
attend, in determining the proportions in which 
they combine; and, accordingly, if we take the 
combining substances in a state of perfect purity, 
and ascertain with great accuracy, once for all, 
the proportions, by weighty in which they unite, 
we shall find that in every other instance in which 
these substances have an opportunity of combining, 
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they will unite in the same proportions, and In 
other — unless it be in such proportions that 
of the bodies ^hall be, in weight, exactly doubly 
triple, or quadruple what it was in the former c 
bination. 

CAROLINE. 

This requires a good deal of attention to be 
I anderstood ; and 1 should like to have it illustntel 
'< by some particular examples of these diSerot 
I combinations. 

M RS. B. 

Nothing easier than to satisiy you in this respecL 
, For instance, with regard to bulk, nitrogen gas ii 
f capable of combining with oxygen gas, in di^rent 
i proportions: thus, one volume of nitrogen, br 
I combining with one volume of oxygen, fonns tl 
Linibstance called nitrous gas; with two volumes 
Voxygen, it forms nitrous acid gas, &c. And wit 

^rd to solids and liquids, the proportions ' 
Bwfaich are estimated by weight, I may mention, i 
I an example, the case of the salt called sulphate of 
I potash, in which a given weight of potash may 
J combine with two difFurent proportions of sulphuric 
I add ; but the quantity of acid in one case is exactly 
^double what it is in the other. 

EMILY. 

And pray what can be the cause of this singular 
I Wiiformity in the law of combination ? 

MRS. B. 

Philosophers have not yet been able to give us 
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any decisive inibrmation upon this point; but they 
have attempted to explain it in the following man- 
ner: since chemical combination takes place be- 
tween the most minute particles of bodies, may we 
not suppose that the smallest particles or portions 
in which bodies combine (and which' we may call 
chemical atoms) are capable of uniting together one 
to one, or sometimes one to two, or one to three, 
&C., but that they cannot combine in any interme- 
diate proportion ? 

EMILT. 

But if an atom was broken into two, an interme- 
diate combination would be obtained ? 

Yes ; but the nature of the atom is incompatible 
with the idea of any &rther division; since the 
chemical atom is the smallest quantity which che- 
mistry can obtain, and such as no mechanical 
means can possibly subdivide. 

CAROLINE. 

And pray^ what is the use of all this doctrine of 
definite proportions ? 

It is very considerable ; for it enables chemists 
to form tables, by which they can see at one glance 
the composition of all the bodies which have been 
accurately analysed, and ascertain in an instant 
what quantity of one body will be necessary to de- 
/compose a certain quantity of another; and^ in 
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general, such tables serve to present, in one view, 
the results of any chemical decomposition, &nd 
the quantities of the new compound;! formed ; bjr 
which means, a considerable saving of labour 
gained, either in enabling us to calculate before 
hand the results of any manufacturing operatioiu^ 
or in estimating those obtained in analytical pro- 
cesses. But I perceive the subject is becomii^ 
I lather too intricate for us. We must not 
•-Tisk of entering into difficulties which might a» 
fuse your ideas, and throw more obscurity 
interest upon this abstruse part of the philoso{tfay 
of chemistry." 

CAItOLlNE. 

Pray, iVIis. B., can you decompose a salt 
means of electricity, in the same way as we decoi 
pose water ? 

MF.S. B. 

Undoubtedly ; and I am glad this question oc- 






• Thia would have been the proper place for inentioniiie 
Dr. WoUaston's scale of chemical equivalents; but the gut), 
ject has bi:en thought to imply some considerations 
ciently elementary for t!ic purpose of thia book, 
however, be just mentioned, that the principal object of thi 
tcale is to ffve a tabular view of the proportions in which th« 
teverat acids and bases combine in forming tbeir reepectira 
salts, and likewise to indic«t« the equivalent compoumfc 
which result from their decomposition. The great utility 
this scale, and the peculiar properties which it possesses 
though not very easily described, may be readily understood 
on inspecting the [nstrutnent, which should be in the hand* 
of every chemical student. 
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curred to you, because it gives me an opportunity 
of showing you some very interesting experiments 
on the subject. 

If we dissolve a quantity, howevier small, of any 
salt in a glass of water, and if we plunge into it the 
extremities of the wires which proceed from the two 
ends pf the Voltaic battery, the salt will be gradu- 
ally decomposed, the acid being attracted by the 
positive, and the alkali by the negative wire. 

EMILY. 

But how can you render that decomposition 
perceptible ? 

MRS. B. 

By placing in contact with the extremities of 
each wire, in the solution, pieces of paper stained 
with certain vegetable colours, which are altered by 
the contact of an acid or an alkali. Thus this blue 
vegetable preparation called litmus becomes red 
when touched by an acid ; and the juice of violets 
becomes green by the contact of an alkali. 

But the experiment can be made in a much 
more distinct manner, by receiving the extremities 
of the wires into different vessels, so that the 
alkali shall appear in one vessel and the acid in the 
other. 

CAROLINE. 

But then the Voltaic circle will not be com- 
pleted ; how can any eflFect be produced ? 

MRS. B. 

You are right ; I ought to have added that the 
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} .two vessels must be connected together by 
interposed substance capable of conducting 
tricity. A piece of moistened cotton-wick 
this purpose very well. You see that the cotton 
(Plate XVI. fig. 2. c.) has one end immersed a 
one glass and the other end in the other, so as le 
establish a communication between any fluids coif 
tained in them. We shall now put into each oftlx 
glasses a little Glauber salt, or sulphate of sodi 
(which consists of an acid and alkali], and thee 
we shall fill the glasses with water, which will dis- 
solve the salt. Let us now connect the glasses bj 
means of the wires (e, d,] with the two ends of tlii 
battery, thus 

CAROLINE. 

I The wires are already giving out small bubbles 
I IB this owing to the decompositioji of the salt ? 



No: these are bubbles produced by the decom* 
'position of the water, as you saw in a former 
experiment. In order to render the separation 
of the acid from the alkali visible, I pour into 
the glass (a), which is connected with the posi- 
tive wire, iL few drops of a solution of litmus, 
which the least quantity of acid turns red; and 
into the otlier glass (b), which is connected with 
, the negative wire, 1 pour a few drops of the juice 
f violets 



I'iOlt 



li^J 




i\\rvN 




F^.4 




Fiy. 1. Voltaic battery . 

Fiff.t.^ ic ^hutancAS of Oumical dcconipojitton. bxf the. Voltaic hattetii. 
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EMILY. 

The blue solution is already turning red all 
round the wire. 

CAROLINE. 

And the violet solution is beginning to turn 
green. This is, indeed, very singular ! 

MRS. B. 

You will be still more astonished when we vary 
the experiment in thk manner : — These three 
glasses (fig. 3. f, g, h,) are, as in the former instance, 
connected together by wetted cotton, but the 
middle one alone contains a saline solution, the 
two others containing only distilled water, coloured 
as before by vegetable infusions. Yet, on making 
the connection with the battery, the alkali will 
appear in the negative glass (h), and the acid in 
the positive glass (f), though neither of them con- 
tained any saline matter. 

EMILY. 

So that the acid and alkali must be conveyed 
right and left from the central glass, into the 
other glasses, by means of the connecting moistened 
cotton ? 

MRS. B. 

Exactly so; and you may render the experiment 
still more striking, by putting into the central glass 
(k, fig. 4.) an alkaline solution, the Glauber salt 
being placed into the negative glass (1), and the 
positive glass (i) containing only water. The acid 
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will be attracted by the positive wire (m), and wiD 
actually appear in the vessel (i), after passing 
through the alkaline solution (k), without com- 
bining with it, although, you know, acids and 
alkalies are so much disposed to combine. Bot 
this conversation has already much exceeded our 
usual limits, and we cannot enlarge more upon this 
interesting subject at present. 
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CONVERSATION XIIL 

ON ALKALIES. ' 



MRS. B. 

Having now given you some idea of the laws by 
which chemical attractions are governed, we may 
proceed to the examination of bodies which are 
formed in consequence of these attractions. 

The first class of compounds that present them- 
selves to our notice, in our gradual ascent to the 
most complicated combinations, are bodies com- 
posed of only two principles. The sulphurets, 
phosphurets, carburets, &c, are of this description ; 
but the most numerous and important of these com- 
pounds are the combinations of oxygen with the 
various simple substances with which it has a ten- 
dency to unite. Of these you have already acquired 
some knowledge ; but it will be necessary to enter 
into further particulars respecting the nature and 
properties of those most deserving of our notice. 
Of this class are the alkalies and the earths, 
which we shall successively examine. 

We shall first take a view of the alkalies, of which 
there are three, viz. potash, soda, and ammonia, 
the two former being, as you may recollect, a 
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combination of tlie metallic substances potassium, 
and sodium with oxygen. Tlie two first are called 
^jred alkalies*, because tliey exist in a solid form 
at tlie temperature of the atmosphere, and require 
a great heat to be volatilised. They consist, as 
you already know, of metalic bases combined with 
oxygen. In potash, the proportions are about 
eighty-six parts of potassium to fourteen of oxygen; 
and, in soda, seventy-seven parts of sodium to 
twenty-three of oxygen. The third alkali, am- 
monia, has been distinguished by the name of 
volalile alkali, because its natural form is that of 
gas. Its composition is of a more complicated 
nature, of which we shall speak hereafter. 

Some of the earths bear so strong a resemblance 
in their properties to the alkalies, that it is difGcult 
to know under which head to place them. The 
celebrated French chemist, Fourcroy, has classed 
two of them {barytes and strontites) with the alka- 
lies ; but as lime and magnesia have almost an 
equal title to that rank, I think it better not to se- 
parate them, and, therefore, have adopted the com- 
lon method of classing them with the earths, and 



ilieadj been stated that a third fixed alkali Euu 
lately been discovered by Mr.Arfredson, which has been called 
lithion. It was first found in a Swedish mineral called petaSiei 
but has since been detected in aoir.e other minerals. Thougll 
this alkali resembles potash snd ioda in its general properttei, 
yet it ij decidedly an alkaline Bub»tance of its own, capable of 
forming dilferent salts with the acids, and having in particular 
iroperiy of combining with much greater propordc 
the other alkalies. 




ordm^^^l 



uf tlistinguisliing thcin by the iinmc of alkal 
rarlhs, 

Tiie genurul propcrticK of nlkulicit are, oil aci 
l)iirninp tOKie, u piin^ctnt stnull, niuE a cauRtic nctu 
on the Rkin ami llcsh. 



I wonder limy should bu ciiustic, Mrs. B., 
ihey cunUiiii so little oxygen. 



Whatevor snbHtntice \\\\n un ufTinity for any 
of llifl constituents uf nititnid matter, HulHcicr 
powerful to deconiposc it, is entitled to the appel- 
lation uf caustic. Tlie idkaLicH, In tliclr pure stutc, 
hitve A very strong nttruction for water, tor hydro- 
gen, and for carbon, tvhich, you know, are ihv 
constituent principles of oil, und it is chiefly by ab- 
sorbing these sub&tancca from animal mutter that 
tlicy clFect its decomposition; for, when diluted 
with a suflicieiit (juuntlty of water, or combined 
with any oily substance, they lose their causticity. 

But, to return to the general properties of alku-- 
Um — they change, as we have already seen, th« 
colour of syrup of violets, and other blue vcgetithlr 
Infusions, to green; and hnvc, in general, a very 
grsat tendency to unite with acids, although the 
respective (jnalities of ihosu two classes of bodies 
form B remarkable contrast. 

W« shall examine the result of die comhinntlon 
of acids and alkalies more particularly hereafter. 



' It will be sufficient at present to inforin y( 
whenever acids are brought in contact with 
lies, or alkaline earths, they unite wiih a remcirk- 
able eagerness, and form compounds perfectly dif* 
ferentfromeitherof their constituents; these bodies 
are called neutral or compound salts. 

The dry white powder which you see in this 
phial is pure caustic potash ; it is very difficult to 
preserve it in this state, as It attracts, with extreme 
avidity, the moisture from the atmosphere, and if 

ttfae air were not perfectly excluded, it would, in a 
Very short tioie, be actually melted. 
: 



EMILY. 

It is then, I suppose, always found i 



1 liquid 



No J it exists in nature in a great variety of 
forms and combinations, but it is never found in its 
pure separate state; it is combined with carbonic 
acid, with which it exists in every part of the vege- 
table kingdom, and is most commotily obtained 

im the ashes of vegelnbles, which are the residue 

it remains after all the other parts have been to. 

lised by combi 

CAROLINE. 

t you once said, that after alt the volatile parta 
vegetable were evaporated, the substance that 
ained was charcoal:' 




MRS. B. 

1 surprised that you should still confound 
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the processes of volatilisation and combustion. In 
order to procure charcoal, we evaporate such parts 
as can be reduced to vapour by the operation of 
beat alone ; but when we bum the v^etable, we 
burn the carbon also, and convert it into carbonic 
acid gas. 

CAROLINE. 

That is true : I hope I shall make no more mis- 
takes in my favourite theory of combustion. 

MRS. B. 

Potash derives its name from the pots in which 
the vegetables, from which it was obtained, used 
formerly to be burnt ; the alkali remained mixed 
with the ashes at the bottom, and was thence called 
potash. 

EMILY. 

The ashes of a wood-fire, then, must be potash, 
since they are vegetable ashes ? 

MRS. B. 

They always contain more or less potash, but are 
very far from consisting pf that substance alone, as 
they are a mixture of various earths and salts which 
remain after the combustion of the vegetables, 
and from which it is not easy to separate the alkali 
in its pure form. The process by which potash is 
obtained, even in the imperfect state in which it is 
used in the arts, is much more complicated than 
simple combustion. It was once deemed impos- 
sible to separate it entirely from all foreign sub- 

VOL. II. c 
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^^M stances, and it is only in chemical laboratories 

^^M it is to be met with id the stale of purity in which 

^^B you God it in this pbial. Wood-ashes are, hov- 

^^■' ever, valuable for the alkali which they cntitain, 

and are used for some purposes without any tiirllia 

preparation. Purified in a certain degree, thq 

make what is commonly called pearl-as^, whicli ii 

of great efhcacy in taking out grease, in woshiu 

linen, &C. ; for potash combines readily with oil a 

fet, with which it forms a comjxtund well knowa tt 

you under the name oFsoap. 

CAROLINE. 

KealJy! Then I sliould think it would be better 

to wash all linen witii pearl-ash than with 

^^ in the latter case, the alkali being already combined 

HL witli oil, must be less efficacious in extracting 



MRS, B. 

Its effect would be too powerful on fine linen, 
and would injure its texture ; peart-ash is, thereftm^ 
only used for diat which is of a strong coarse kind 
For the same reason, you cannot wash your baodi 
with plain potash ; but, when mixed with oil in ihn 
form of soap, it is soft as well as cleansing, and 
therefore, much better adapted to the purpose. 

Caustic potash, as we already observed, acts tn 
the skin, and animal fibre, in virtue of its attraction 
for water and oil, and converts all animal matter 
into a kind of saponaceous jeliy. 
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Are vegetables the only source from which p 
ash can be derived ? 

MRS. B. 

No: for, though far most abundant in vegeta- 
bles, it is by no means confined to that class of 
bodies, being found also on the surface of the 
earth, mixed with various minerals, especially with 
earths and stones, whence it is supposed to be con- 
veyed into vegetables by the roots of the plant. 
It is also met with, tliough in very small quantities, 
in some animal substances. The most common 
State of potash is that of car^Hiz/f ,- I suppose yoaa 
understand what that is? 



I believe so ; tliough I do not recollect that you 
ever mentioned the word before. If I am not mis- 
taken, it must be a compound sail, formed by the 
union of carbonic acid with potash. 

MRS. B. 

Very true; you see how admirably the nomen-~ 
clature of modern chemistry is adapted to assist 
the memory ; when you hear the name of a com- 
pound, you necessarily learn what are its con- 
stituent parts ; and when you are acquainted with 
these constituents, you can immediately name the 
compound which they form. 

CAROLINE. 

Pray how were bodies arranged and distinguished 
before this nomenclature was introduced ? 

c 2 
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Chemistry was then a much more difficult si 
for every substance had an arbitrary name, which 
it derived either from the person who discovered 
it, as Glauber's salts, for instance ; or from Gome 
other circumstance relative to it, though quite IU1> 
connected with its real nature, aspolush. 

These names have lieen retained for some of the 
simple bodies; for, as this class is not numerous 
and, therefore, can easily be remembered, it htu 
jfiot been thought necessary to change them. 

EMILY. 

Yet I tliink it would have rendered the new no- 
menclature more complete to have methodised the 
names of the elenienla.ry, as well as of the com- 
pound bodies, though it could not have been done 
in the same manner. But the names of die simple 
substances might have iodicated their nature, or, at 
least, some of their principal properties ; an<I i( 
like the acids and compound sails, all the simple 
bodies had a similar termination, they would have 
:n immediately knon'n as such. So complete 
id regular a nomenclature would, I think, have 
clearer and more comprehensive view of- 
listry than the present, which is a medley a(, 
and new terms. 




MDS. B. 

lut you are not aware of the difficulty of intro- 
into science an entire set of new terms: it 
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i all the teachers and professors to go to 
w:hooI again; and if some of the old names which 
are least exceptionable, were not left as an intro- 
duction to the new ones, few people would have 
had industry and perseverance enough to submit to 
the study of a completely new language ; and tlie 
inferior classes of artists, who act only from 
habit and routine, would, at least for a time, have 
felt material inconvenience from a total change 
of their habitual terms. From these consider- 
ations, Lavoisier and his colleagues, who invented 
the new nomenclature, thought it most prudent 
to leave a few links of the old chain, in order to 
connect it with the new one. Besides, you may 
easily conceive the inconvenience which might arise 
from giving a regular nomenclature to substances, 
the "simple nature of which is always uncertain ; for 
the new names might, perhaps, have proved to have 
been founded in error. And, indeed, cautious as the 
inventors of the modern chemical language have 
been, it has already been found necessary to modify 
it in matiy respects. In those few cases, however, 
in which new terms have been adopted to desig- 
nate simple bodies, these names have been so con- 
trived as to indicate one of the chief properties of 
the body in question ; this is the case with oxygen, 
which, as I explained to you, signifies generator of 
acids ; and hydrogen, generator of water.* If all 
• It may here be observed, that, even with regurd to these 
two bodies, the Domenclature is become exceptionable, since 
c 3 




|0 POTASH. 

'the elementary bodies had a similar terminBtioSr 
as you propose, it would be necessarj- to chi 
the name of any that might hereafter be found n 
be of a compound nature, which would be very in- 
convenient in this age of discovery. 

But to return to the alkalies. — We shall BO* 
try to melt some of this caustic potash in a litlk 
water, as a circumstance occurs during its solutidi 
Tery worthy of observation. — Do you fcel the het 
that is produced ? 

■ < CAItOLIHE. 

I Yes, I do; bnt is not this directly contrary t 
' fHir theory of latent heat, according to which 
loric is disengaged when fluids become solid, si 
cold produced when solids are melted 2 
ST-RS. b; 

The Tatter is really the case in all soliitioiv; 
and if the solution of caustic alkalies seems » 
make an exception to the rule, it does not, I believe 
form any solid objection to the theory. The maKCK 
may be explained thus : When water first comes in 
contact with the potash, it produces an effect similsT 
to the slaking of lime, that is, the water is solidified 
in combining with the potash, and thus loses itt 
latent heat ; this is the heat that you now feel, i 
which is, therefore, produced not by the melting 
of the solid, but by the solidification of the fluidt 

h is now found llmt oxygen U one of the constituents ofai 
lies as well as of acids, and that hydrogen enters into the ci 
{lositionof utmeof the acitls, an J in particular of the murii 



But when there is more water than the potash can 
absorb and sohdify, the latter then yields to the 
solvent power of the water; and if we do not per- 
ceive the cold produced by its melting, it is because 
it is counterbalanced by the heat previously dis- 



A very remarkable property of potash is the 
formation of glass by its fusion with silicious earth. 
You are not yet acquainted with this last substance, 
further than its being in the list of simple bodies. 
It is sufficient, for the present, that you should 
know that sand and flint are chiefly composed of 
it; alone, it is infusible, but mixed with potash, it 
melts when exposed to the heat of a furnace, com- 
bines with the alkali, and runs into glass. 

CAROLINE. 

Who would ever have supposed that the same 
substance which converts transparent oil into such 
an opaque body as soap, should transform that 
opaque substance, sand, into transparent glass ! 

MRS. B. 

The transparency, or opacity of bodies, does 
not, I conceive, depend so much upon their inti- 
mate nature, as upon the arrangement of their par- 
ticles; we cannot have a more striking instance of 

• This dereoce of the general theory, however plausible, is 
liable to some obvious objections. The phenomenon niight, 
perhaps, be belter accounted for by supposing that a solution 
of alkali in water has Ibe: capacity for heat thi 
or alkali in their separate state. 
c * 
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olutlon J 



tilis, thaa is afforded by the different states dT 
carbon, which) though it commonly appears in the 
fonn of B black opsque body, sonietlnies assumes 
the most dazzling transparent form in nature, thst 
of diamond, which, you recollect, is carbon, and 
which, in all probability, derives its beautiful trans- 
parency from the peculiar arrangement of its par- 
p^des during their crystallisation. 

r' EMILY. 

I never should have supposed that the formatim 
of glass was so simple a process as you describe it. 

MRS. B. 

It is by no means an easy operation to make 
perfect glass; for if the sand or flint, from which 
the silicious earth is obtained, be mixed with any 
metallic particles, or other substance, which cannot 
be vitrified, the glass will be discoloured, or de- 
I iaced by opaque specks. 

B CAHOLINE. 

^ That, I suppose, is the reason why objects so 
often appear irregular and distorted through a 
common glass window. 






MRS. B. 



This species of imperfection proceeds, I believe, 
fe another cause. It is extremely difficult to 
. tevenl the lower part of the vessels, in which the 
materials of glass are fused, from containing a more 
<Iense vitreous matter than the upper, on account 
It the heavier ingredients falling to the bottom. 



'When tliis happens, it occasions the appearance 
of veins or waves in the glass, from the difference 
of density in its several parts, which produces an 
irregular refraction of the rays of light which pass 
through it. 

Another species of impeirrection sometimes arises 
from the fusion not being continued for a length 
of time sufficient to combine the two ingredients 
completely, or from the due proportion of potash 
and silex {which are as two to one) not being 
carefully observed; the glass, in those cases, will 
be liable to alteration from the action of the air, of 
salts, and especially of acids, which will effect its 
decomposition by combining with the potash, and 
g compound salts. 

EMILY. 

Tiflt an extremely useful substance potash is! 

MRS. B. 

Besides the great importance of potash in the 
manufactures of glass and soap, it is of very con- 
siderable ntUity in many of the other arts, and in 
its combinations with several acids, particularly the 
nitric, with which it forms saltpetre. 

I^k CAROLINE. 

^PThen saltpetre must be a nitrate qfpotashP But 
we are not yet acquainted with the nitric acid. 

MRS. B. 

We shall therefore defer entering into the par- 
ticulars of these combinations till we come to a 
c 5 



^eral review of the compound salts. In aria 

,a avoid confusion, it will be better at preseot to 

■confine ourselves to the alkalies. 

EMILY. 

Cannot you show us the change of col onr which 
lOU said the alkalies produced on blue vegetable 



Yes ; very easily. I sliall dip a piece of wbitt 
paper into this syrup of violets, which, you 
is of a deep blue, and dyes the paper of the i 

I colour, — As soon as it is dry, we shall dip it ii 
tolution of potash, which, though itself colooriM^ 
will turn the paper green. 



CAROLINE. 

KSo it has, indeed ! And do the other alkaiies 
produce a similar effect? 



MUB. B. 

Exactly the same. — We may now proceed to 
which, however important, will detain 
tlut a very short time ; as in all its general pnn 
perties it very strongly resembles potash ; indeed^ 
so great is their similitude, that they have been 
long confounded, and they can now scarcely be 
distmguished, except by the diiferenee of the si^M 
which they form with acids. 

The great source of this alkali is the sea, where, 
lombined with a peculiar acid, it forms the sail 
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with which the waters of the ocean are so strongly 
impregnated. 

EMllY. 

Is not that the common table salt I 

MRS. B. 

The very same ; but again we must postpone 
entering into the particulars of this interesting 
combination till we treat of the neutral salts. Soda 
may be obtained from common salt; but the easiest 
and most usual method of procuring it is by the 
combustion of marine plants^ an operation perfectly 
analogous to that by which potash is obtained from 
vegetables. 

EMILY. 

From what does soda derive its name? 

Mils. B. 
From a plant called by us Beda^ and by the 
Arabs kali^ which affords it in great abundance. 
Kali has, indeed, given its name to the alkalies in 
general. 

CAROllKE. 

Does soda form glass and soap in the same 
manner as potash? 

Mrs. B. 
Yes, it does i it is of equal importance in the 
arts, and is even preferred to potash for some 
purposes : but you will not be able to distbguish 
their properties, till we examine the coraponnd 
salts whidi they form with acids | we must there^ 

c 6 
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Sire leave soda for the present, and proceed fo 
AMMONIA, or the volatile alkali. 



EMILY. 

I long to hear something of this alkali ; 
of the same nature as hartshorn? 



1 Yes, it Is, as you will see by-and-by. ITiig 
' idkali b seldom found in nature in its pure s 
it is most commonly extracted from a compound 
salt, called sal ammoniac, which was formerly im- 
ported from Ammonia, a region of Libya, from 
which both these salts and the alkali derive their 
names. The crystals contained in this bottle are 
specimens of this salt, which consists of a combin- 
ation of ammonia and muriatic acid. 

CAROLINE. 

Then it should be called muriate of ammonia t 
for though I am ignorant what muriatic acid is, 
yet I know that its combination with ammonia 
cannot but be so called ; and I am surprised to 
sal ammoniac inscribed on the label. 

MRS. B. 

That is the name by which it has been so U 
known, that the modem chemists have not yet 
succeeded in banishing it altogether; and it i« 
still sold under that name by druggists, though Iw 
flcientiiic chemists it is more properly called muriate 
of ammonia. 
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CAROLINE. 

Both the popular and the common name shoald 
be inscribed on labels — this would soon introduce 
the new nomenclature. 

EMILY. 

By what means xan the ammonia be separated 
from the muriatic acid ? 

MRS. B. 

By chemical attractions; but this operation is 
too complicated for you to understand till you are 
better acquainted with the agency of affinities. 

EMILY. 

And when extracted from the salt, what kind of 
substance is ammonia? 

MRS. B. 

Its natural form, at the temperature of the at- 
mosphere, when free from combination, is that of 
gas ; and in this state it is called ammoniacal gas. 
But it mixes very readily with water, and can be 
thus obtained in a liquid form. 

CAROLINE. 

You said that ammonia was more complicated 
in its composition than the other alkalies ; pray of 
what principle does it consist ? 

MRS. B. 

It was discovered a few years since, by Berthol- 
let, a celebrated French chemist, that it consisted 
of about one part of hydrogen to four parts of 
nitrogen. Having heated ammoniacal gas under 






a receiver, by causing the electrical spark to jMi 
repeatedly through it, he found that it increased 
considerably in built, lost ail its nlkEiline propo 
ties, and was actually converted into hydrogen and 
nitrogen gases ; and from the latest and moat ac- 
curate experiments, the proportions appear to be, 
one volume ol" nitrogen gas to three of hydrc^en 

IS. 

CAROLINE. 

Ammonia, therefore, has not, like the two other 
f^alies, a metallic basis ? 



It is believed that it has, though it is extremely 
difficult to reconcile that idea with what I have just 
stated of its chemical nature. But the fact is, that 
although this supposed metallic basis of ammonia 
has never been obtained distinct and separate, yet 
both Professor Berzelius, of Stockholm, and Sir 
H. Davy, have succeeded in forming a corobiDatJOB 
of mercury with the basis of ammonia, which h» 
so much the appearance of an amalgam, that it 
strongly corroborates the idea of ammonia having 
a metallic basii4.* But these theoretical points are 

* This BinolgBm ii easily cbtaincd, by pltuAng a globule oT 
tnercury upcm a piece of muriate or carbonate of aminonkf 
and electrifying this globule by tlie Voltaic battery. Thfli 
^obulo imcanlly begins lo e^ipand to three or four timei iU| 
former size, and becomes much less fluid, though without 
losing its metallic lusire, — o change which is ascribed to the 
metallic basis of ammonia tiniting with the mercury. 
U in extremely curious experiment. 



I of difficulties and doubts, and tt would be use- 
less for us to dwell any longer upon them. 

Let us therefore return to the properties of vola- 
tile alkali. — Ammouiacal fi;a5 is considerably lighter 
than oxygen gas, and only about half the weight 
of aUnosphericnl aii'. It possesses most of the pro- 
perties of the fixed alkalies; but cannot be of so 
much use in the arts on account of its volatile 
nature. It is, theiefore, never employed in the 
manufacture of glass, but it forms soap with oils 
equally as well as potash and soda ; it resembles 
them likewise in hs strong attraction for water; for 
which reason it can be collected in a receiver over 
mercury only. 

CAROLINE. 

I do not understand this. 



Do you recollect the method which we used 
collect gases in a glass receiver over water ? 

CAROLINE. 

Perfectly. 

MHS. B. 

Ammoniacal gas has so strong a tendency to 
unite with water, that, instead of passing through 
that lluid, it would be instantaneously absorbed by 
it. We can therefore neither use water for that 
pui-pose, nor any other liquid of whidi water is a 
component part ; so that, in order lo collect this 
gas, we are obliged to have recourse to mercury 
(a liquid which has no action upon it), and a mer- 
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curial bath is used instead of a water batli, 
we employed on former occasions. Water impre^ 
nated with tliis gas is nothing more than the fimd 
which you mentioned at the beginning of the con- 
versation — hartshorn ; it is the ammoniacal gis 
escaping from the water which gives it so powerM 
a smell. 

But there b no appearance of efFervescence ■ 
hartshorn. 

MRS. B. 

Because the particles of gas which rise from the 
water are too subtile and minute for their e6fbctEo 
be visible- 
Water diminishes in density, by being 
nated with ammoniacal gas ; and this augmenl 
of bulk increases its capacity for caloric. 

EMILY. 

In making hartshorn, then, or 
water with ammonia, heat must be 
cold produced ? 

MBS, B, 

That effect would take place if it were not coun* 
teracted by another circumstance ; the gas is liqu^ 
fied by incorporating with the water, and giva 
out its latent beat The condensation of the gas 
more than counterbalances the expansion of the 
water; therefore, upon the whole, heat is prO' 
duced. — But if you dissolve ammoniacal gas wilJi 
ice or snow, cold is produced. — Can you account 
I for that ? 
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r\ EMILY. 

The gs&j iQ hping condensed into a liquid, must 
give out heat: and, on the other hand, the snow or 
ice, in being rarefied into a liquid, must absorb 
heat; so that, between the opposite efiects, I should 
have supposed the original temperature would have 
been preserved. 

MRS. B. 

But you have forgotten to take into the account 
the rare&ction of the water (or melted ice) by the 
impregnation of the gas ; and this is the cause of 
the cold which is ultimately produced. 

CAROLINE. 

Is the sal volatile (the smell of which so strongly 
resembles hartshorn) likewise a preparation of 
ammonia? 

MRS. B. 

It is carbonate of ammonia dissolved in water; 
and which, in its concrete state, is commonly called 
salts of hartshorn. Ammonia is caustic, like the 
fixed alkalies, as you may judge by the pungent 
efiects of hartshorn, which cannot be taken inter- 
nally, nor applied to delicate external parts, without 
being plentifully diluted with water. — Oil and acids 
are very excellent antidotes for alkaline poisons; 
can you guess why? 

CAROLINE. 

Perhaps, because the oil combines with the alkali, 
and forms soap, and thus destroys its caustic pro- 
perties; and the acid converts it into a ccmipouiid 
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' salt, which, J suppose, is not so pernicious as 
caustic alkali. 

mus, b. 
Precisely so. 

Ammoaiacal gas, if it be mixed with atmosph^ 
rical air, and a lighted taper repeatedly plunged 
into it, will burn with a large Baine of a peculifir 
yellow colour. 

EMILY. 

But pray tell me, can ammonia be procured from 
this Libyan salt only ? 

MUS. D. 

So far from it, that it is contained in, and may be 
extracted from, all adimal substances whatever. 
Hydrogen and nitrogen are two of the chief 
constituents of animal matter; it is therefore not' 
surprising that they should occasionally meet and 
combine in those proportions which compose am- 
monia. But this alkali is more frequently gene- 
rated by the spontaneous decomposition of animal 
substances ; the hydrogen and nitrogen gases ariB> 
ing from putrefied bodies combine, and form the: 
volatile alkali. 

Muriate of ammonia, instead of being exclusively 
brought from Libya, as it originally was, is now 
diiefly prepared in Eui'ope, by chemical processes- 
Ammonia, although principally extracted from this 
salt, can also be produced by a great variety of 
other substances. The horns of cattle, especially 
those of deer, yield it in abundance; and it is from 
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this circumstance that a solution of ammonia in 
water has been called hartshorn. It may Ukewise 
be procured from wool, flesh, and bones ; — in a 
word, any animal substance whatever yields it by 
decomposition. 

We shall now lay aside the alkalies, however 
important the subject may be, till we treat of their 
combination with acids. — The next time we meet 
we shall examine the earths. 
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CONVERSATION XIV, 



ON EARTHS. 



MRS. B. 

The earths, which we are to-day to examine, aic 

nine in number : 



SILEX, 


STRONTITES, 


ALUMINE, 


YITRIA, 


BARYTES, 


GLUCINA, 


LIME, 


ZIRCONIA. 


MAGNESIA, 





The last three are of late discovery ; their pro- 
perties are but imperfectly known; and, as they 
have not yet been applied to use, it will be unne 
cessary to enter into any particulars respecting 
them ; we shall confine our remarks, therefore, to 
the first five. They are composed, as you have 
already learnt, of a metallic basis combined with 
oxygen ; and, from this circumstance, are inoom- 
bustible. 

CAROLINE. 

Yet I have seen turf burnt in the country, and 
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it makes an excellent fire ; the earth becomes red 
hot, and gives out a very great quantity of heat* 

MRS. B. 

It is not the earth which bums, my dear, but the 
roots, grass, and other remnants of vegetables that 
are intermixed with it. The caloric, which is pro- 
duced by the combustion of these substances, 
makes the earth red hot, and this being a bad con- 
ductor of heat, retains its caloric a long time ; but 
were you to examine it when cooled, you would 
find that it had not absorbed one particle of oxy- 
gen, nor suffered any alteration from the fire. 
Earth is, however, from the circumstance just men- 
tioned, an excellent radiator of heat, and owes its 
utility, when mixed with fuel, solely to that pro- 
perty. It is in this point of view that Count Rum-- 
ford has recommended balls of incombustible sub- 
stances to be arranged in fire-places, and mixed 
with the coals, by which means the caloric dis- 
engaged by the combustion of the latter is more 
perfectly reflected into the room, and an expense 
of fuel is saved. 

EMILY. 

I expected the list of earths to be much more 
considerable. When I think of the immense variety 
of soils, I am astonished that there is not a greater 
number of earths to form them. 

MRS. B. 

You might, indeed^ almost limit that number 
^o four ; for barytes, strontites, and the others of 
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late discovery, act but so small a part in this gteat 
theatre, that lliey cannot be reckoned as essential 
to the general construction of the globe. And you 
must not confine your idea of earths to the fonn- 
atiou of soil ; for rock, marble, chalk, slate, sand, 
flint, and all kinds of stones, from the precious 
jewels to the commonest pebbles, — in a word, all 
the immense variety of mineral products, — may be 
referred to some of these earths, either in a simple 
state, or combined the one with the other, or 
blended with other ingredients. 



Precious stones composed of earth ! That seems 
very difficult to conceive. 

EMILY. 

Is il more extraordinary than that the most 
precious of all jewels, diamond, should be coiD' 
posed of carbon? But diamond forms an excep> 
tion, Mrs. B,; for, though a stone, it is not 
composed of earth. 

MBS. B. 

I I did not specify the exception, as I knew you 
3 well acfiuainted with it. Besides, I would 
1 a diamond a mineral rather than a stone, as 
I latter term always implies the presence of 
Rie earth. 

CAROLINE. 

J[ cannot conceive how such coarse materials caa 
niveried into such beautiful productions. 
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MRS. B. 

We are very far from understanding all the 
secret resources of nature ; but I do not think the 
spontaneous formation of the crystals, which we 
call precious stones, one of the most difficult phe- 
nomena to comprehend. 

By the slow and regular work of ages, perhaps 
of hundreds of ages, these earths may be gradu- 
ally dissolved by water, and as gradually deposited 
by their solvent in the undisturbed process of crys* 
tallisation. The regular arrangement of their par- 
ticles, during their re-union in a solid mass, gives 
them that brilliancy, transparency, and beauty, for 
which they are so much admired; and renders 
them in appearance so totally different from their 
rude and primitive ingredients. 

CAROLINE. 

But how does it happen that they are sponta- 
neously dissolved, and afterwards crystallised ? 

MRS. B. 

The scarcity of many kinds of crystals, as rubies, 
emeralds, topazes, &c., shows that their formation 
is not an operation very easily carried on in nature. 
But cannot you imagine that when water, holding 
in solution some particles of earth, filters through 
the crevices of hills or mountains, and at length 
dribbles into some cavern, each successive drop 
may be slowly evaporated, leaving behind it the 
particle of earth which it held in solution ? Yoa 
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know that crystal Usation is more regular and p 
feet, in proportion as the evaporation of the soItcM 
is slow and uniform: nature, therefore, who knini 
no limit of time, has, in all works of this klddi' 
infinite advantage over any artist who attempbl 
imitate such productions. 

EMiLY. 

I can now conceive that the arrangement of li 
particles of earth, during crystallisation, may i 
such as to occasion transparency, by adniittil)g< 
free passage to the rays of light; but I i 
understand why crystallised earths should . 
such beautiful colours as most of them do. Ssf 
phire, for instance, is of a celestial blue ; rubj, 
deep red; topaz, a brilliant yellow. 

MRS. B. 

Nothing is more simple than to suppose that^ 
arrangement of their particles is such, t 
niit some of the coloured rays of light, and toB 
fleet others: in which case the stone must appv 
of the colour of the rays which it reflects, 
besides, it frequently happens that the colour of 
stone is owing to a mixture of some metallic t 



Pray, are the diflerent kinds of precious sti 
each composed of one individual earth, or are ^ 
formed of a combination of several earths ? ' 




A great variey of materials enters into the con 



position of ni05t of tfiem ; not only several earth 
but sometimes salts and metals. The earths, how- 
ever, in their simple state, frequently form very 
beautiful crystals; and, indeed, it is in that state 
only that they can be obtained perfectly pure. 

EMILV. 

Is not the Derbyshire spar produced by the 
crystallisation of earths, in the way you have just 
explained? I have been in some of the subterra- 
neous caverns where it is found, which are similai 
to those you have described. 

MRS. B. 

Yes : but this spar is a very imperfect specimen 
of crystallisation; it consists of a variety of i 
dients confusedly blended together, as you 
judge by its opacity, and by the various coloui 
and appearances which it exhibits. 

But, in examining the earths in their most pi 
feet and agreeable form, we must not lose sight 
that state in which they are commonly found, e 
which, if less pleasing to the eye, is far more 
t«resting by its utility. 

All the earths are more or less endowed fl 
alkaline properties: but there are four, barytes, 
magnesia, lime, and strontites, which are called 
alkaline earths, because they possess those qualities 
in so great a degree, as to entitle them, in most 
respects, to the rank of alkalies. They combine 
and form compound salts with acids in the 
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way as alkalies; they are, like them, susc^tftie 
of a considerable degree of causticity, and are i 
upon in a similar manner by chemical tests. — The 
remaining earths, silex and alumtne, with on 
two others of late discovery, are in some degree 
more earthy; that is to say, they possess more 
completely the properties common to all the earths, 
which are, insipidity, dryness, unalterableness m 
the fire, infusibility, &c. 

CAROLINE. 

Yet, did yon not tell us that silex, or siliceous 
earth, when mixed with an alkali, was fiisible, -and 
run into glass ? 

MRS. B. 

Yes, my dear; but the characteristic propertiet 
of earths, which I have mentioned, are to be con- 
sidered as belonging to them in a state of puri^ 
only ; a state Jn which they are very seldom to be 
met with in nature. — Besides these general pro- 
perties, each earth has its own specific characters, 
by which it is distinguished from any other sub- 
stance. Let us, therefore, review them separately. 

Silex, or Silica, abounds in flint, sand, sand*' 
stone, agate, jasper, &c. ; it forms the basis of 
many precious stones, and particularly of those 
which strike iire with steel. It is rough to the 
touch, scratches and wears away metals; it is acted 
upon by no acid but the fluoric, and is not soluble 
in water by any known process ; but nature cer- 
dissolves it by means with which we are ud- 




■acquainted, and thus producesa variety of siliceous 
■crystals, and amongst these rock crystal, which is 
■the purest specimen of this earth. Silex appears 
to have been intended by Providence to form the 
^solid basts of the globe, to serve as a fonndation 
for the original mountains, and give them that 
'hardness and durability which has enabled them to 
• resist the various revolutions which the surface of 
the earth has successively undergone. From these 
mountains, siliceous rocks have, during the course 
of ages, been gradually detached by torrents of I 
water, and brought down in fragments: these, in I 
the violence and rapidity of their descent, are some- 
times crumbled to sand, and in this state form the 
Tjeds of rivers and of the sea, chiefly composed of 
siliceous materials. Sometimes the fragments are 
"broken without being pulverised bj their fall, and 
assume the form of pebbles, which gradually be- 
come rounded and polished. 

£Mii.y. 

Pray what is the true colour of silex, which J 
forms such a variety of different-coloured subnJ 
stances ? Sand is brown, flint is nearly black, a 
precious stones are oi all colours. 



Pure silex, such as is founii only in the chemisti 
laboratory, is perfectly white? and the varionj 
colours which it assumes, in the different substanc* 
you have just mentioned, proceed from the diffeiV 
ent ingredients with which it is mixed in them. 
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CAKOLINE, 

I wonder that silex is not more valuable, siiati 
forms the basis of so many precious stones. 

MRS. B. 

You must not forget that the value we set upfl 
precious stones depends, in a great measure, upM 
the scarcity with which nature affords them; i>, 
were those productions eitlier common or perfec^ 
imitable by art, they would no longer, notwit^ 
standing their beauty, be so highly esteemed. Ba 
the real value of siliceous earth, in many of th> 
most useful arts, is very extensive. Mixed «i4 
clay, it forms the basis of all the various kimii' 
earthenware, from the most common utensils to d 
most re lined ornaments. 

EMILY. 

And we must recollect its importance in tl 
formation of glass witb potash. 

MBS. B. 

Nor should we omit to mention, likewise, manf 
other important uses of silex, such as being the 
chief ingredient of some of the most durable c 
ments, of mortar, &c. 

I said before, that siliceous earth combined wil 
no acid but the fluoric; it is for this reason dnl 
glass is liable to be attacked by that acid onlft 
which, from its strong affinity to silex, forces thai 
substance from its combination with the pota^ 
and thus destroys the glass. 




■ We will now ha:>ten to proceed to the other 
rtbs, for I am rather apprehensive of your growt 
ing weary of this part of our subject, 

CAROLnJE. 

I confess that the history of the earths is not quite 
so entertaining as that of the simple substances. 
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; but it is absolutely indispensable 
that you shonld know something of them ; for they 
form the basis of so many interesting and important 
compounds, that their total omission would throw 
great obscurity on our general outline of chemical 
science* We shall, however, review them in as 
cursory a manner as the subject can admit of. 

Alumine derives its name from a compounij. 
salt called alum, of which it forms the basis. 

CAROLINE. 

But it ought to be just the contrarj-, Mrs. B. ; 
the simple body should give, instead of taking, its 
name from the compound. 

MRS. B. 

That is true; but as the compound salt was 
known long before its basis was discovered, it was 
very natural that when the earth was at length 
separated from the acid, it should derive its name 
from the compound from which it was obtained. 
However, to remove your scruples, we will call the 
salt according to the new nomenclature, mlphate of 
alumine. From this combination alumine may be 
D 3 



N 



-obtained in its pure state; it is then soft to tk 
touch, makes a paste with water, and hardens 
the fire. In nature, it is found chiefly in lia, 
which contains a considerable proportion of ilis 
earth ; it is very abundant in fuller's earth, sIm 
and a variety of other mineral productions. Tbat 
is, Indeed, scarcely any mineral substance 
useful to mankind than alumine. In the stateof 
elay, it forms large strata of the earth, give 
sistency to the soil of valleys, and of all low and 
damp spots, such as swamps and marshes. lU 
beds of lakes, ponds, and springs, are almost a> 
tirely of clay ; instead of allowing of the filtration 
water, as sand does, it forms an impenetrable botton, 
and by this means water is accumulated in the n- 
vems of the earth, producing those reservoirs whence 
springs issue, and spout out at the sur&ce. 

EMILV, 

I always thought that these subterraneous 
voirs of water were bedded by some hard stooS) M 
rock, which the water could not penetrate, 

MRS. B. 

That is not the case; for in the course of tfl 
water would penetrate, or wear away silex, or a 
other kind of stone, while it is effectually st(^)pei 
by clay, or alumine. 

The solid compact soils, such as are fit for con% 
owe their consistence in a great measure to alummef 
this earth is, therefore, used to improve sandy 
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chalky soils, which do not retain a sufficient quantity 
of water for the purpose of vegetation. 

Alumine is the most essential ingredient in all 
potteries. It enters into the composition of brick, 
as well as that of the finest porcelain: the addition 
of silex and water hardens it, renders it susceptible 
of a degree of vitrification, and makes it perfectly 
£t for its various purposes. 

CAROLINE. 

I can scarcely conceive that brick and china 
should be made of the sattie materials. 

MBS. B. 

Brick consists almost entirely of baked clay ; 
but a certain proportion of silex is essential to the 
formation of earthen or stone ware. In common 
potteries sand is used for that purpose ; a more 
pure silex is, I believe, necessary for the composi- 
tion of porcelain, as well as a finer kind of clay; and 
these materials are, no doubt, more carefully pre- 
pared, and curiously wrought, in the one case than 
in the other. Porcelain owes its beautiful sem 
parency to a. commencenient of vitrification. 

EMILY. 

But the commonest earthenware, though not 
transparent, is covered with a kind of glazing. 

MRS. B. 

That precaution is equally necessary for use as foi 
beauty, as the ware would be liable to be ^toiled 
and corroded by a variety of substances, if not 
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»ered with a coaling of this kind. In porcelan 
'i consists of enamel, which is a fine white opaqK 
glass, formed of metallic oxides, sand, salts, ul 
such other materials as are susceptible of vitrifi(» 
Hon. The giaziiig of common earthenware b 
made chiefly of oxide of lead, or sometimes meidj 
ot salt, which, when thinly spread over eartha 
vessels, will, at a certain heat, run into opaque 
glass. 

CAROLINE. 

And of what nature are the colours which ore 
used for painting porcelain? 



MR9. B. 

They are all composed of metallic oxides ; so d»t 
these colours, instead of receiving injury from &x 
application of fire, are strengthened and developed 
by its action, which causes them to undergo dif- 
ferent degrees of oxidation. 

Alumine and silex are not only often combined 
by art, but they have in nature a very strong 
tendency to unite, and are found combined, 
different proportions, in various gems and other 
minerals. Indeed, many of the precious stooes, 
Guch as ruby, oriental sapphire, amethyst, Sec. 

insist chiefly of alumine. 

We may now proceed to the alkaline eanhi. 
1 shall say but a few words on bakytes, as it is 
hardly ever used, except in chemical laboratories. 
It is remarkable for its great weight, and its stroDg 
nlkaline properties, such as destroying animal 



^ T , 



substances, turning green some blue vegetable 
colours, and showing a powerful attraction for acids ; 
this last property it possesses to such a degree, 
particularly with regard to the sulphuric acid, that 
it will always detect its presence in any substance 
or combination whatever, by immediately uniting 
with it, and forming a sulphate of barytes. This 
renders it a very valuable chemical test. It is 
found pretty abundantly in nature in the state of 
carbonate, from which the pure earth can be easily 
separated. 

The next earth we have to consider is lime. 
This is a substance of too great and general im- 
portance to be passed over so lightly as the 
last 

Lime is strongly alkaline. In nature it is not 
met with in its simple state, as its aiEnity for water 
and carbonic acid Is so great, that it is always 
found combined with these substances, with which 
it forms the common lime-stone; but it is separ- 
\ ated in the kiln from these ingredients, which are 
volatilised whenever a sufficient degree of heat 
applied. 

EMILY. 

Pure lime, then, is nothing but lime-stone, whM 
has been deprived, in the kiln, of its water and 
carbonic acid ? 

MRS. B. 

Precisely : in this state it is called quick-lime 

«id it b so caustic, that it is capable of decompoS' 
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iJDg the dead bodies of animals very rapidly, mii^ 
out their imdergoing the process of putrefactioa. 
. — I have here some quick-lime, which is kep 
carefully corked up in a bottle, to prevent the 
access of air ; tor, were it all exposed to the ol- 
Biosphere, it would absorb both moisture and cai- 
honic acid ga^ from it, and be soon slaked. Hen 
is also some Lme-stone — we shall pour a litde 
water on each, and observe the effects that tesA 
bom it, 

CAROLINE. 

How the quick-lime hisses ! It is become ex- 
cessively hot ! — It swells, and now it bursts aod 
CEumbles to powder, while the water appears 
produce no kind of alteration on tlie lime-stone. 



Because the lime-stone is already saturated with 
water, whilst the quick-lime, which has been de- 
prived of it in the kiln, combines with it with very 
great avidity, and produces this prodigious disen- 
gagement of heat, the cause of which I formerly 
explained to you : — do you recollect it ? 

EMILY. 

Yes ; you said that the heat did not proceed &on) 
tf»e lime, but from the water which was solidi/ied. 
and thus parted with its heat of liquidity. 

SIRS. B. 

Very well. If we continue to add succesuve 
Quantities of water to tlie lime, after being slaked 



and crumbled, as you see, it will then griidually be 
diffused in the water, till it will at length be dis- 
solved in it, and entirely disappear; but for this 
purpose it requii'es no less than 700 times its weight 
of water. This solution is called lime-'water, 

I CAROLINE. 

How very small, then, is the proportion of lime 
dissolved! 

MRS. B. 

Barytes is also of very difficult solution; but 
it is much more soluble In the state of crystals. 
The liquid contained in this bottle k lime-water: it 
is often used as a medicine, chiefly, I believe, for 
the purpose of combining with, and neutralising, 
the superabundant acid which it meets with in the 
stomach. 

EMILV. _ 

I am surprised that it is ho perfectly clear: it. 
does not at all partake of the whiteness of the Jime. 

MRS. B. 

Have you forgotten that, hi solutions, the solid 
body is so minutely subdivided by the fluid as to 
become invisible, and, therefore, will not in the least 
degree impair the transparency of the solvent ? 

I said that the attraction of lime for carbonic 
acid was so strong, that it would absorb it from 
the atmosphere. We may see this effect by ex- 
posing a glass of lime-water to the air : the lime 
"\ then separate from the water, combine with 






die carbonic acid, and re-appear on the surfeoeoi 
the form of a white him, which is carbonate o 
comiDonly called chalk. 




Chalk is, then, a compound sah ! I never 
have supposed that those immense beds of 
that we see in many parts of the country, 
salt. — Now the white film begins to appear on ihf 
surface of the water : but it is far from resembling 
hard solid chalk. 

MRS. B. 

That is owing to its state of extreme divisk»i; 
in a little time it will collect into a more compact 
mass, and subside at the bottom of the gli 

If you breathe into lime-water, the carbonic add, 
which is mixed with the air that you expire, will 
produce the same effect. It is an experiment very 
easily made; — I shall pour souie hme-water 
this glass tube, and, by breathing repeatedly into 
it, you will soon perceive a precipitation of chalk. 

I EMILY. 

I I see already a small white cloud formed. , 

r MBS. B. 

It is composed of minute particles of chalk; 
present it floats in the water, but it will soon snb- 1 
side. 

Carbonate of lime, or chalk, you see, is insoluble 4 

in water, since tlie lime which was dissolved rfr- 1 

I appears when converted into chalk ; but you must i 





take notice of a very singular circumstance, which 
is, that chalk is soluble in water impregnated with 
carbonic acid. 

CAKOLINE. 

It is very curious, indeed, that carbonic acid gas 
should render lime soluble in one instance, and in- 
soluble in the other ! 

MRS. B. 

I have here a bottle of Seltzer water, which, you 

■know, is strongly impregnated with carbonic acid : 

^let us pour a litde of it into a glass of lime-water. 

Woa see that it immediately forms a precipitation 

oF carbonate of lime ? 



^fittarhonate of lime ? •?__H 



EMItY. 

white cloud appears. 



I shall now pour an additional quantity of the 
Seltzer water into the lime-water. 



Ho«f singular ! The cloud is re-dissolved, and 
the liquid is again transparent. 



All the mystery depends upon this circumstance, 
that carbonate of lime is soluble in carbonic acid, 
whilst it is insoluble in water ; the first quantity of 
carbonic acid, therefore, which I introduced into 
the lime-water, was employed in forming the car- 
bonate of lime, which remained visible until an 
additional quantity of carbonic acid dissolved it 
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:, you see, when the lime and carb(H 

1 proper proportions to rornt chalk, die 

cloud appears; but wlien the acid pi-edominata, 

the chalk is no sooner formed tlian it is dissolved. 



F CAROLINE. 

That is now the case ; but let us try whetheri 
further addition of lime-water will again precipitate 
the chalk. * 

EMILV. 

It does, indeed ! The cloud re-appears, because 
I suppose, there is now no more of the carbonic 
acid than is necessary to form chalk ; and, in otdff 
to dissolve the chalk, a superabundance of acid it 

required. 

MRS. B. 

We have, I think, carried this experiment fu 
enough; every repetition would but exhibit the 
same appearances. 

Lime combines with nsost of the acids, to whtck 
the carbonic (as being the weakest) readily yielde 
it; but these combinations we shall have an oppor- 
tunity of noticing more particularly hereafter. It 
unites with phosphorus, and with sulphur, in their 
simple state; in short, of all the earths, lime is tiiil 
which nature employs naost frequently, and Duat 
abundantly, in its innumerable combinations. It 
is the basis of all calcareous earths and stones; we 
find it likewise in the animal and the vegetabk 
creations. 
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EMILT. 

And in the arts is not lime of very great utility? 

MRS. B. 

Scarcely any substance more so ; you know that 
it is a most essential requisite in building, as it 
constitutes the basis of all cements, such as mortar, 
stucco, plaster, &c. 

Lime is also of infinite importance in agriculture ; 
it lightens and warms soils that are too cold and 
compact, in consequence of too great a proportion 
c^ clay. — But it would be endless to enumerate the 
various purposes for which it is employed; and 
you know enough of it to form some idea of its 
importance. We shall, therefore, now proceed to 
the third alkaline earth, magnesia. 

CAROLINE* 

I am already pretty well acquainted with that 
earth : it is a medicine. 

SiIRS. B. 

It is in the state of carbonate that magnesia is 
usually employed medicinally; it then differs but 
little in appearance frbm its simple form, which is 
that of a very fine light white powder. It dissolves 
in 2000 times its weight of water, but forms with 
acids extremely soluble salts. It has not so great 
iui attraction for acids m lime, and consequently 
yields them to the latter. It is found in a great 
variety of mineral combinations, such as slate, mica^ 
anuaptbuSf and more particularly 'm 9 certiiiu Utne- 
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stone, which has been discovered by Mr. Tennant 
to contain it in very great quantities. It does not 
attract and solidify water, like lime: but what 
mixed with water and exposed to the atmosphere, 
it slowly absorbs carbonic acid from the latter, and 
thus loses its causticity. Its chief use in medicine 
is, like that of lime, derived from its readiness to 
combine with, and neutralise, the acid which it 
meets with in the stomach. 

EMILY. 

Yet, you said that it was taken in the state of 
carbonate, in which case it has already combined 
■vith an acid? 

t ACRS. B. 

Tes; but the carbonic is the last of all the acids 
in the order of affinities : it will therefore yield the 
magnesia to any of the others. It is, however, fre- 
quently taken in its caustic state as a remedy for 
flatulence. Combined with sulphuric acid, mag- 
nesia forms another and more powerful medidne, 
commonly called Epsom salt, 

CAROLINE. 

And properly, stdpkate of magnesia, I suppose 1 
Pray, bow did it obtain the name of Epsom salt? 



MRS. B. 

Because there is a spring in the neighbourhoAd 
of Epsom, which contains this salt in great abon- 
drace. 

^Tie last alkaline earth which we have to men- 




to men- 1 
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tion is STRONTIAN or STRONTiTES) discovered by 
Dr. Hope a few years ago. It .so strongly re-^ 
sembles barytes in its properties, and is so sparingly 
found in nature, and of so little use in the arts, that 
it wUl not be necessary to enter into any particulars 
respecting it. One of the remarkable characteristic 
properties of strontites is, that its salts, when dis-- 
solved in spirit of wine, tinge the flame of a deep 
red, or blood colour. 




MRS, B. 

We may now proceed to the acids. Of the 
tallic oxides, you have already acquired some ge- 
neral notions. This subject, though highly inter- 
esting in its details, is not of sufficient importance 
to our concise view of chemistry, to be particularly 
treated of; but it is absolutely necessary that you 
should be better acquainted with the acids, and 
likewise witii tlieir combinations with the alkalies 
which form the triple compounds, called UEirrHAi 

SALTS. 

The class of acids is characterised by very dis- 
tinct properties. They all change blue vegetable 
I infusions to a red colour : they are all more or less 
laourtothe taste; and have a general tendency to 
I combine with the earths, alkalies, and metallic 

You have, I believe, a clear idea of the nom^i- 
e by which the base (or radical) of the add, 

s degrees of acidification, are 
id? 




XUILT. 

Tes, I think so ; the acid is distinguished by the 
name of its base, and its degree of oxidation, that 
iS) the quantity of oxygen it contains, by the ter- 
mination of that name in tms or ic; thus sulphure- 
ous acid is that formed by the smallest proportion 
of oxygen combined with sulphur; sulpliur/c acid 
that which results from the combination of sulphur 
with the greatest quantity of oxygen. 



A still greater latitude may, in many cases, he 
allowed to the proportions erf oxygen that can be 
combined with acidifiable radicals; for several of 
these radicals are susceptible of uniting with a 
quantity of oxygen so small as to be insufficient 
to give them the properties of acids ; in these 
cases, therefore, they are converted into oxides. 
Such is sulphur, which, by exposure to the atmo- 
sphere with a degree of heat inadequate to pro- 
duce inflammation, absorbs a small proportion of 
oxygen, which colours it red or brown. This, 
therefore, may be considered as a first degree of 
oxygenation of sulphur: the 2d converts it into 
sulphuroiu acid; the 3d into the sulphur/c acid; 
and, 4tbly, if it were found capable of combining 
with a still larger proportion of oxygen, it would 
then be termed superoxygenated sulphuric acid. 

EMILY. 

Are these various degrees of oxygenation com- 
a to all the acids ? 




MRS. B. 

Ko; they vary nmch in th!s respect: somem 
susceptible of oaly one degree of oxygeoatioo; 
others, of two, or three; there are but very fei 
fcjfaat will admit of more. 

B' CAROLINE. 

I The modern nomenclature must be of immense 
advantage in pointing out so easily the nature of 
the acid», and their various degrees of oxygenatioa 

MRS. B. 

Till lately many of the acids had not beeo dfr 
composed ; hut analogy afforded so strong a proof 
of their compound nature, that I never could re- 
concile myself to classing them with the simple 
bodies, though this division has been adopted bj 
several chemical writers. At present, the muriatic 
and the fluoric are the only acids which havfe 
had their bases distinctly separated. 

CAROLINE. 

We have heard of a great variety of acids; pray 
how many are there in all? 

MRS. B. 

I believe there are reckoned to be at present 
above forty, and their number is constantly increas- 
ing as the science improves; but the most im- 
portant, and those to which we shall almost entirely 
confine our attention, are but few. I shall, however^ 
give you a general view of the whole; and then we 
shall more particularly examine those which 
the most important. 
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This class of bodies was formerly divided into 
Kmineral, vegetable, and animal acids, according to 
1 tbe substances from which they were commonly 
obtained. 

CAROLINE. 

That, I should think, must have been an excel- 
lent arrangement : why was it altered ? 

MBS. B. 

Because, in many cases, it produced confusion. 
In which class, for instance, would you place car- 
bonic acid? 

CAROLINE. 

Now I perceive the dlfficultj. I should be at a 
loss where to place it, as you have told us that it 
exists in tbe animal, vegetable, and mineral king- 
doms. 

EMILY. 

There would be the same objection with respect 
to phosphoric acid, which, though obtained chiefly 
from bones, can also, you said, be found in small 
quantities in stones, and likewise in some plants. 



You see, therefore, the propriety of changing 
this mode of classification. These objections do 
not exist in the present nomenclature; for the 
composition and nature of each individual acid is 
in some degree pointed out, instead of the class of 
bodies from which it is extracted ; and, with regard 
to the more general division of acids, they are 
classed under these three heads : — 



Acids of known and simple 1 



1st. Acids of known or supposed simple bases, I 
which are formed by the union of these bases m 
oxygen. They are the following: — 

The Sulphuric 
Carbonic 
Nitric 

I Phosphoric 
Arsenical 
ThngsteHtc 
Molt^fdenic 
Boracic 
Fluoric 
Muriatic 

This class comprehends the most anciently 
known and most important acids. The sulphuric, 
nitric, and muriatic, were formerly, and are still 
frequently called mineral acids. 

2dly. Acids that have double or binary radicals, 
and which consequently consist of triple combin- 
ations. These are the vegetable acids, whose 
mon radical is & compound of hydrogen 
carbon. 

CAROLINE. 

But if the basis of all the vegetable acids E^ 
same, it should form but one acid ; it may indeed 
combine with different proportions of oxygen, but i 
I ihe nature of the acid must be the same. 



The only difference that exists in the btfsw 
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egetable acids^ is the varions propoortiofisiof h^idro- 
en and carbon from which they are sevefalLy com^ 
osed. But this is cause enough to produce^ a^niim* 
er of acids apparently very dissimilar. That they 
o not, however, differ essentially, is pipved by 
leir susceptibility of being converted into eacH 
ther by the addition or subtraction of a portion 
f hydrogen or of carbon. The names of these 
cids are,— 



Tie Acetic 
Oxalic 
Tartaric 
Citric 
Malic 
Gallic 
Mucous 
Benzoic 
Succinic 
Camphoric' 
Suberic 
Moroxalic 
Boletic 
Kinic 

Pyro-tartaric 
Pt/ro^tric 
Pyro^malie 



^ 



Adds of double btts^ being" 
of vegeteMe origifi^* 



* There are niany other acida of less importande,- wliich 
ive been discovered reeently^but which 93l% not incladed^ 
le abo?e tablets 



Acids of triple 
unimal acids. 



W 

The 3d class of acids consists of those w 
have triple radicals, and are therefore of a 
more oonipound nature. This class comprek 
the animal acids, which are. 

The Lactic 
Caseic 
PruSiic 
Formic 
Bombic 
Cetic 
Sebacic 
Margaritic 
Oleic 
Zoonic 
Lithic 

I have pven you this summary accoant-1 
meration of the acids as you may find it i 
satisfactory to have at once an outline or a gei 
notion of the extent of the subject; but we 
now confine ourselves to the first class, .w 
requires our more immediate attention; and* 
tho few remarks which we shall have to mak 
the otiiurs, till we treat of the chemistry of 
animal aiul vegetable kingdoms. 

The acids of simple and known radicals ai 
most instances capable of being decomposed 
combustible bodies to which they yield their oxy 
If, for instance, I pour a drop of sulphuric ach 
thli piece of iron it will produce a spot of r 
—you know what that is? 



basei 
ntW 



!, formed by the oxygen o( the 
I acid combining with the Iron. 

MRS. B. 

In this case, you see, the sulphur deposits the 
oxygen by which it was acidified on the metal. 
And, again, if we pour some acid on a compound 
combustible substance (we shall try it on this piece 
of wood), it will combine with one or more of thr 
constituents of that substance, and occasion a de- 
composition. 

. EMILY. 

b It has changed the colour of the wood to black. 
■How is that ? 



The oxygen deposited by the acid has burnt it: 
you know that wood in burning becomes black 
before it is reduced to ashes. Whether it derives 
the oxygen which burns it from the atmosphere, 
or from any other source, the chemical effect on 
the wood is the same. In the case of real combus- 
tion, wood becomes black, because it is reduced to 
the state of charcoal by the evaporation of its other 
constituents. But can you tell me the reason why 
wood turns black when burnt by the application of 
a acid? 



, tell me, what are the ingredients of woe 



' Hydrt^n and carbon are the chiei 
f of wood, as of ail other vegetable substances. 



Well, then, I suppose that the oxygen of tie 

acid combines with the hydrogen of the wood,B 

form water; and that the carbon of the wood, » 

K Bnaining alone, appears of its usual black colour. 

MRS. B. 

I' Very well, indeed, my dear; that is cevtauilfi 
l|)lausible explanation. 

EMILY. 

Would not this be a good method of mdting 
[ charcoal? 

MRS. B. 

It would be an extremely expensive, and, I bfr 

f lieve, very imperfect method; for the action of tht 

acid on the wood, and the heat produced by it, an 

far from sufficient to deprive the wood of aU. iB 

evaporable parts, 

CAROLINE. 

i What is the reason that vinegar, lemon, and tbe 
Kacid of fruits, do not produce this effect on wood? 

|,- MRS. B. 

I ' They are vegetable acids, whose bases are com^ 
of hydrogen and carbon; the oxygen, there* 
fore, will not be disposed to quit this radical, where 
it' is already united with hydrogen. The strongest 
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of these, may, perhaps, yield a little of their oxygen 
to the wood, and produce a stain upon it ; but the 
carbon will not be sufficiently uncovered to assume 
its black colour. Indeed, the several mineral acids 
them3elves possess this power of charring wood in 
very different degrees. 

EMILY. 

Cannot vegetable acids be decomposed by any 
combustibles ? 

MRS. B. 

No; because their radical is composed of two 
substances which have a greater attraction for oxy- 
gen than any known body. 

CAROLINE. 

And are those strong acids, which burn and de- 
compose wood, capable of producing similar effects 
on the skin and flesh of animals ? 

MRS. B. 

Yes; all the mineral acids, and one of them 
more especially, possess powerful caustic qualities. 
They actually corrode and destroy the skin and 
flesh ; but they do not produce upon these exactly 
the same alteration they do on wood, probably 
because there is a great proportion of nitrogen and 
other substances in animal matter, which prevents 
the separation of carbon from being so conspicuous. 
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CONVERSATION XVI. 



I 



or THE SDLPHUniC AND PHOSPHORIC ACIDS; 

THE COMBINATIONS OF OXYGEN WITH SULPHU! I 
AND PHOSPHORUS ; AND OF THE SULPIIiTO | 
ANO PHOSPHATES. 



In addition to the general survey which we iun 
taken of acids, I think yon will find it interesting 
to examine individually a few of the most impoT^ 
ant of them, and likewise some of their principal 
combinations with the alkalies, alkaline earths, ami 
metals. The first of the acids, in point of impoT^ 
ance, is the sulphuric, formerly called ait af 
vitriol, 

CAROLINE. 

I have known it a long time by that name, but 
had no idea that it was the same fluid as sulphuric 
acid. What resemblance or connection can there 
be between oil of vitriol and this acid ? 



I Vitriol is the common name for sulphate of iron, 
I salt which is formed by the combination of sul- 
furic acid and iron : the sulphuric acid was for- 
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merly obtained by distillation from this salty and it 
yery naturally received its name from the substance 
which affi)rded it* 

CAROLINE. 

But it is still usually called oil of yitriol? 

SIRS* B« 

Very commonly; a sufficient length of time has 
not yet elapsed since the invention of the new 
nomenclature for it to be generally disseminated ; 
but, as it is adopted by all scientific chemists, there 
is every reason to suppose that it will gradually 
become universal. When I received this bottle 
from the chemists, oil of vitriol was inscribed on 
the label ; but, as I knew you were very punctilious 
in regard to the nomenclature, I changed it, and 
substituted the words sulphuric acid. 

EMILY. 

This acid has neither colour nor smell, but it 
appears much thicker than water. 

MRS. B. 

It is nearly twice as heavy as water, and has, 
you see, an oily consistence. 

CAROLINE. 

And it is probably from this circumstance that 
it has been called an oil ; for it can have no real 
claim to that name, as it does not contain either 
hydrogen or carbon, which are the essential con* 
stituents of oil. 

£ 3 



■tiiMtirfi T r 1 " I ' « r _iiiilji 



«»tM»«!fet 



^^^^P*"* 1>*v^«tu«ft. TW fcvMesc ham. m put 



AND 8UUBUBOIIS ACXD8. 

portions, and immerse ia ic this thin glass tube, 
which is fuJl of water. 

CAROLINE. 

The vessel feels extremeJy hoi, but the i 
does not boil yet. 

MRS. B. 

You must allow some time for the beat to pene^ 
trate the tube, and raise the temperature of the 
water to the boiling point. 



Now it boils — and with increasing violence. ^M 

MRS, B. 

But it will not continue boiling long; for the 
mixture gives out heat only while the particles of 
the water and the acid are mutually penetrating 
each other; as soon as the new arrangement of 
these particles is effected, the mixture will gradu- 
ally cool, and the water return to its former tem- 
perature. 

You have seen the manner in which sulphuric 
acid decomposes all combustible substances, whe- 
ther animal, vegetable, or mineral, and bums them 
by means of its oxygen ? , ■ 

CAROLIN'E. , H 

I have very unintentionally repeated the expe-'^ 
riment on my gown, by letting a. drop of the acid 
&I1 upon it, and it has made a stain, which, I sup- 
pose, will never wash out. 



I 

I 



OF THE BULPHUl 

MRS. B. 
No, certainly ; for before you can put it i 
vater the spot will become a bole, as the add 
literally burnt the muslin. 

CAROLINE. 

So it has, indeed ! Well, I will fasten the si 
per, and put tlie bottle away, for it is a dangei 
substance. — Oh, now I have done worse still, 
I have spilt some on my band I 

MRS. B. 

It is then burnt, as well as your gown, &a! 
know that oxygen destroys animal as welt as vf 
table matter ; and, as far as the decotn posit ior 
the skin of your finger is affected, there is 
remedy; but by washing it immediately in wa 
you will dilute the acid, and prevent any furt 
injury. 

CAROLINE. 

It feels extremely hot, I assure you. 

MRS. B. 

You have now learned, by experience, fa 
cautiously this acid nnust be used. You wilt sc 
become acquainted with another acid, the nib 
which, though it produces less heat on the sk 
destroys it still quicker, and makes upon it an 
delible stain. You should never handle any st 
stances of this kind without previously dippi 
your fingers in wat*r, which will weaken th. 
caustic eflfecla. But, since you will not repeat t 
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iexperiment, I must put in the stopper, for the acid 
attracts the moisture from the atmosphere, whicli 
would destroy its strength and purity. 

EMILY. 

Pray, how can sulphuric acid be extracted from 
sulphate of iron by distillation ? 



The process of distillation, you know, consists 
in separating substances from one another by means 
of their different degrees of volatility, and by the 
introduction of a new chemical agent, caloric. 
Thus, if sulphate of iron be exposed in a retort to 
a proper degree of heat, it will be decomposed, and 
the sulphuric acid will be volatilised. 



EMILY. 

But now that the process of forming acids by the 
combustion of their radicals Is known, why should 
not this method be used for making sulphuric 
acid? 






This is actually done in most manufactures; but 
the usual method of preparing sulphuric acid does 
not consist in burning the sulphur in oxygen gas 
{as we formerly did by way of experiment), but 
in heating it together with another substance, 
nitre, which yields oxygen in sufficient abundance 
to render the combustion in common air rapid and 
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This mbsUuice, then, answers the s 
38 oxygen gas? 

MRS. B. 

Exactly. In manufactures the combustjl 
peiformcd in a leaden chamber, with water | 
bottom, to receive the vapour and assist i 
(lensation. The combustion is, however, | 
so perfect but that a quantity of sulpAiiroi^ 
is formed at the same time; for you recoiled 
the sulphurous acid, according to the chfl 
nomenclature, differs from the sulphuric on 
containing less oxygen. , 

From its own powerful properties, and &qi 
various combinations into whicli it eDteru 
phuric acid is of great importance in many q 
arts. j 

It is used aUo in medicine in a state ofd 
dilution; for were it taken internally, in & 
cenlrate state, it would prove a most dans 
poison. 1 

CAROLINE. 

I am sure it would burn the throat and atoi 



MRS. B. 

I Can you think of any thing that would pr^ 
Idote to this poison? 

CAROLINE. « 

^A large draught of water to dilute it. 
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^V^ MRS. B. 

P That would certainly weaken the caustic power 

I <^ the add, but it would increase the heat to an 

I intolerable degree. Do you recollect nothing that i 

I would destroy its deleterious properties more || 

I effectually ? 

' EMILY. 

An alkali might, by combining with it: but 
then, a pure alkali is itself a poison, on account of 
its causticity. 

MRS. B. 

There is no necessity that the alkali should be 
caustic. Soap, in which it is combined with oil; 
or magnesia, either in the state of carbonate, or 
mixed with water, would prove the best antidote, 

EMILY. 

In those cases, then, I suppose, the potash and 
the magnesia would quit their combinations 
form salts with the sulphuric acid ? 



MRS. B. 

Precisely. 

We may now make a few observations on the 
sulphurous acid, which we have found to be the 
product of sulphur slowly and imperfectly burnt. 
This acid is distinguished by its pungent smell and 
its gaseous form. 

Its aeriform state is, I suppose, owing to the 

smaller proportion of oxygen, which renders_.j 

lighter than sulphuric acid ? 

E 6 
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MRS. B. 

Probably ; for by adding oxygen to the weaker 
acid it rany be converted into the stronger kind 
But this change of state may also be connected with 
a change of affinity with regard to caloric. 

EMILY. 

And may sulphurous add be obtained baa 
sulphuric acid by a diminution of oxygen? 



Yes; it can be done by bringing any 
tible substance in contact with the acid. TTlia 
decomposition is most easily performed by some of 
the metals ; these absorb a portion of the oxygen 
from the sulphuric acid, which is thus converted 
into the sulphurous, and flies off in its gaseous 

CABOUKE. 

And cannot the sulphurous acid itself be de> 
composed and reduced to sulphur ? • 

MRS. B. 

Yes; if this gas be heated in contact with char- 
coal, the oxygen of the gas will combine with it, 
and the pure sulphur will be regenerated. 

Sulphurous acid is readily absorbed by water; 
and in this liquid state it is found particularly use- 
ful in bleaching linen and woollen clodis, and is 
macb used in manufactures for those purposes. I 
can show you its effect in destroying colour^ by 
taking oat vt^etable stains. — I think I see a spot 
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on your gown, Emily, on which we may try the 
experiment. 

EMILY. 

It is the stain of mulberries: but I shall be 
almost airaid of exposing my gown to the experi- 
ment, after seeing the effect which the sulphuric 
acid produced on that of Caroline 

MRS. B. 

There is no such danger from the sulphurous ; 
but the experiment must be made with great cau- 
tion, for during the formation of sulphurous acid 
by combustion there is always some sulphuric 
produced. 

CAROLINE. 

But where is your sulphurous acid ? 

MRS. B. 

We may easily prepare some ourselves, simply 
by burning a match ; we must first wet the stain 
with water, and now hold it in this way, at a little 
distance, over the lighted match : the vapour that 
arises from it is sulphurous acid, and the stain, you 
see, gradually disappears. 

EMILY. 

■ • # 

I have frequently taken out stains by this means, 
without understanding the nature of the proces3. 
But why is it necessary to wet the stain before it is 
exposed to the acid fumes? 

MRS. B. 

- The moisture attracts and absorbs the sulphur- 
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ous acid; and it serves likewise to dlluts ai^ 
particles of sulphuric acid which might iojtire the 
linen. 

Sulphur appears to be susceptible of a third COD- 
bination with oxygen, in which the proportiou of 
the latter is too small to render the sulphur add. 
It acquires this slight oxigeiiation by mere expo- 
sure to the atmosphere, without any application of 
heat: in this case, die sulphur does not change its 
n&tural form, but is only discoloured, being changed 
to red or brown, a stale in which it may be consi- 
dered as an oxide of sulphur. 

Before we take leave of the sulphuric acid, we 
ahall say a few words of its principal combinations. 
It unites with all the alkalies, alkaline earths, and 
metals, to form compound salts. 

CAROLINE, 

Pray, give me leave to interrupt you for a 
moment: you have never mentioned any other 
salts than the compound or neutral salts ; is thexe 
no other kind ? 

MRS. B. 

The term salt has been used, from time imme- 

ial, as a kind of general name for any sub- 

vace that has savour, odour, is soluble in water, 

crystal) isable, whether it be of an acid, an 

le, or compound nature; but the compound 

retain that appellation in modem che- 

iportant of the salts tbmied by the 
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combinations of die sulphuric acid are^ first, «tt2- 
w phate of potash: this is a very bitter salt, much 
used in medicine. It is found in the ashes of most 
vegetables, but it may be prepared artificially by 
the immediate combination of sulphuric acid and 
potash. This salt is easily soluble in boiling water. 
Solubility is, indeed, a property common to all 
salts ; and they always produce cold in melting. 

EMILY. 

That must be owing to die caloric which they 
absorb in passing fi'om a solid to a fluid form. 

MRS. B« 

That is, certainly, the most probable explana- 
tion. 

Stdphate of soda, commonly called Glauber^s 
salt, is another medicinal salt, which is still more 
bitter than the preceding. We must prepare 
some of these compounds, that you may observe 
the phenomena which take place during their 
formation. We need only pour some sulphuric 
acid over the soda which I have put into dii^ 
glass. 

CAROLINE. 

What an amazing heat is disengaged ! — I thought 
you said that cold was produced by the melting of 
salts? 

MRS. !B. 

But you must observe that we are now making 
not melting a salt Heat is disengaged during the 
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formation of compoucKl salts, and a faint light 6 
. also emitted, which may sometimes be perceived in 
the dark. 

CAROLINE. 

Will this sulphate of soda become solid ? 



We have, probably, not mixed the acid and 
the alkali in the exact proportions which are r& 
quired for the formation of tlie salt, otherwise 
the mixture would have been almost iramediat 
changed to a solid mass ; but, in order to obtain it 
in crystals, as you see it in this bottle, it wodd 
be necessary first to dilute it with water, and after^ 
wards to evaporate the water, during which opa- 
ation the salt would gradually crystallise. 

CAEOLINE. 

But of what use is the addition of water, if it is 
afterwards to be evaporated ? 



When suspended in water, the acid and tlie 
alkali are more at liberty to act on each other, their 
union is more complete, and the salt assumes the 
regular form of crystals during tlie slov^ evapo^ 
ation of its solvent. 

Sulphate of soda liquefies by heat, and efflomces 
in the air. 

EMILY. 

Pray, what is the meaning of the word effloresces f 
l^ do not recollect your having mentioned it before. 
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HBS. B. 

A salt is said to effloresce when it loses its water 
of crystallisation on being exposed to the atmo- 
sphere, and is thus gradually converted into a dry 
powder: you may observe that these crystals of 
sulphate of soda are far from possessing the trans- 
parency which belongs to their crystalline state; 
they are covered with a white powder, occasioned 
by their having been exposed to the atmosphere, 
which has deprive<l their surface of its lustre, by 
absorbing its water of crystallisation. Salts are, 
in general, either efflorescent or deliquescent: this 
latter property is precisely the reverse of the for- 
mer ; that is to say, deliquescent salts absorb water 
from the atmosphere, and are moistened and gra- 
dually melted by it. Muriate of lime is an instanoQ 
of great deliquescence. 



ter I 



EMILY. 

But are there uo salts that have the same degree 
ofattraction fur water as the atmosphere, and which 
will consequently not be a£fected by it? 



ree 
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MRS. B. 

Yes; there are many such salts; as, for instanQe, 
common salt, sulphate of magnesia, and a variety of 
others. 

Sulphate of lime is very frequently met with in 
nature, and constitutes the well-known substance 
Called gypsum, or piaster o/ Paris. 

idp/iate of magnesia, commonly called Epsom 
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sail, is another very bilter medicine, whicli is 
obtained from sea-water and from several spring}, 
or may be prepared by the direct combuiatioii of 
its ingredients. 

We have formerly mentioned sulphate ofabtmm 
as constituting the common alum: it is found io 
nature chiefly in the neighbourhood of volcanoes, 
and is particularly useful in the arts, from iU 
strong astringent qualities. It is chiefly emploj^ 
by dyers and calico-printers, to fix colours; aod 
is used also in the manufacture of some kinds <^ 
leather. 

Sulphuric acid combines likewise with thetnelak 

CA.tLOLINE. 

One of these combinations, sulphate of irortf W 
are already well acquainted with. 



That is the most important metallic salt formed 
by sulphuric acid, and the only one that we shall 
here notice. It is of great use in the arts j oni, 
in medicine, it affords a very valuable tonic ; it is 
of this salt that most of those preparations called 
steel medichies are composed, 

CAROLINE. 

$ any carbon enter into these conqNGh 
S to form steel ? 

MRS. B. 

t an atom : they are, therefore, very impro- 
1 steel ; but it is the vulgar appellation, 
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and medical men themselves often comply 
general custom. 

Sulphate of iron may be prepared, as you have 
seen, by dissolving iron in sulphuric acid ; but it 
is generally obtained from the natural production 
called Pyiites, which, being a sulphuret of iron, 
requires only exposure to the atmosphere to be 
oxidated, in order to form the salt: this, there- 
fore, is much the most easy way of procuring it on 
a large scale. 



I am surprised to find that both acids and com* 
pound salts are generally obtained from their va- 
rious combinations, rather than from the immediate 
union of their ingredients. 



MRS. B. 

Were the simple bodies always at hand, the! 
combinations would naturally be the most conve- 
nient method of forming compounds ; but you 
must consider that, in general, there is great diffi- 
culty and expense in obtaining the simple ingre- 
dients from their combinations; it is, therefore, 
often more expedient to procure compounds from 
the decomposition of other compounds. But, to 
return to the sulphate of iron. — There is a certain 
vegetable acid called Gallic acid, which has the re- 
markable property of precipitating this salt black 
— I shall pour a few drops of the gallic acid into 
this solution of sulphate of iron 
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CABOLIHE. 

It is become as black as ink ! 

MRS. B. 

And it is ink in reality. Common writing ink 
is a precipitate of sulphate of iron by gallic add; 
the black colour is owing to the formation of galln 
of iron, which being insoluble remains suspended 
in the fluid. 

This acid has also the property of altering the 
colour of iron in its metallic state. You may fte- 
quentiy see its effect on the blade of a knife thti 
has been used to cut certain kinds of fruits. 

I _ CAROLINE. 

f True; and that is, perhaps, the reason thatt 
silver knife is preferred to cut fruits ; the gallicaci^ 
I suppose, does not act upon silver. — Is this acid 
found in all fruits ? 

ME8. B. 

I It is contained, more or less, in the rind of most 
kfiuits and roots, especially the radish, which, S 
scraped with a steel or iron knife, has its bright 
red colour changed to a deep purple, the knife 
being at the same time blackened. But the vege- 
table substance in which the gallic acid most 
abounds is nidgall, a kind of excrescence that grows 
on oaks, and from which the acid is conunonty 
obtained for its various purposes. 

We now come to the phosphoric and pbob- 
iBOROUS ACIDS. In treating of phosphorus, joB 
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have seen how these acids may be obtained from it 
by combustion. 

EMILY. 

Yes ; but I should be much surprised if it was 
the usual method of obtaining them, since it is so 
very difficult to procure phosphorus in its pure 
state. 

MRS. B. 

You are right, my dear; the phosphoric acid, 
£or general purposes^ is extracted from bones, in 
which it is contained in the state of phosphate of 
lime : from this salt 'the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines 
with the lime. In its pure state, phosphoric acid 
is either liquid or solid, according to its degree; of 
concentration. 

Among the salts formed by this acid jihaphate xyf 
lime is the only one that affi3rds much interest; and 
this, we have already observed, constitutes the 
basis of all bones. It is also found in very small 
quantities in some vegetables. 
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CONVERSATION XVII. 



OF THE NITBfC AND CATIBONIC ACIDS : OR TBTl 
COMBINATIONS OF OXYGEN WITH NITROGB f 

^^ AND carbon; and of the nitrates andj 
^^«pSATES. 

I AM 



MRS. B. 

AM almost afraid of introducing the ! 
the NITRIC ACID, as I am sure that I slH 
blamed by Caroline for not having made h 
quainted with it before. 

CAROLINE, 

■L Why so, Mrs. B, 

^ft MRS. B. 

^P Because you have long known its radical, which 
IS nitrogen or azote; and in treating of that ele- 
ment, I did not even hint that it was the basis of 
&n acid. 

CAROLINE. 

And what could he your reason for not mention- 
this acid sooner ^ 

MRS. B, 

I do not know whether you will think the reasOB 
sufficiently good to acquit me; but the omission, 
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assure yon, did not proceed from negligence. 
You may recollect that nitrogen was one of the 
first simple bodies which we examined : you were 
then ignorant of the theory of combustion, which I 
beheve was, for the first time, mentioned in that 
lesson ; and therefore it would have been in vain, 
fit that time, to have attempted to explain the na- 
ture and formation of acids. 

CAROLINE. 

ptl wonder, however, that it never occurred to us 
k-enquire whether nitrogen could be acidified; 
', as we know it was classed among the combus- 
K)le bodies, it was natural to suppose that it might 

a acid. 

MRS. B. 

That is not a necessary consequence : for it might 
combine with oxygen only in the degree requisite 
to form an oxide. But you will find that nitrogen 
is susceptible of various "degrees of oxigenation, 
some of which convert it merely into an oxide, and 
others give it all the acid properties. 

The acids resulting from the combination of 
oxygen and nitrogen are called the nitkoos and 
NITRIC acids. We will begin with the nitric, in 
which nitrogen is in the highest state of oxigen- 
ation. The acid has so powerful an attraction for 
water that it has never been obtained perfectly fi-ee 
from it. But water may be so strongly impreg- 
nated with it as to form an exceedingly powerful 
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i solution. Here is a bottle of this acid, idufl) 
1 see, is quite limpid. 

CAROLINE. 

What a stroDg offensive smell it has ! 

MRS. B. 

This acid contains a greater abundance of oij- 
gen than any other; but it retains it with verylittl: 
force. 

EMILY, 

Then it must be a powerful caustic, both froo 
the facility with which it parts with its oxygen, and 
the quantity which it affords. 

MRS. G. 

Very well, Emily; both cause and effect b« 
exactly such as you describe: nitric acid bunii 
and destroys all kinds of organised matter. It 
flven sets lire to some of the most combustibli 
substances. — We shall pour a little of it over tlw 
piece of dry warm charcoal — you see it inflaiM 
it immediately: it would do the same with oil i)f 
turpentine, phosphorus, and several other vaj 
combustible bodies. This shows you how easilj 
this acid is decomposed by combustible bo^w^ 
since these effects most depend upon the absorptioi 
of its oxygen. 

Nitric acid has been used in the arts from 
immemorial: but it is only within these twenty-five 
years that its chemical nature has been ascertained 
The celebrated Mr. Cavendish discovered that it 
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consisted of about 10 parts of nitrogen and 25 of 
oxygen.* These principles, in their gaseous state, 
combine at a high temperature : and this may be 
eflFected by repeatedly passing the electrical spark 
hrough a mixture of the two gases. 

EMILY. 

, The nitrogen and oxygen gases, of which the 
atmosphere is composed, do not combine, I sup- 
He, because their temperature is not sufficiently 
^ated. 

CABOLINE. 

Ijit in a thunder-storm, when the lightning re- 
peatedly passes through them, may it not produce 
nitric acid? We should be in a strange situation, 
if a violent storm should at once convert the atmo- 
sphere into nitric acid. 

MRS. B. 

There is no danger of it, my dear ; the lightning" 
can affect but a very small portion of the atmo- 
sphere, and though it were occasionally to produce 
a little nitric acid, it never could happen to such an 
extent as to be perceptible. 






But how could the nitric acid be known, and 
used, before the method of combining its con- 
stituents was discovered? 

. • The proportion stBled by Sir H.Davy, in his Chemical 
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Previous to that period the nitric acid was o 
tained, and it is, indeed, still extracted, for the 
common purposes of art) from the compound salt 
'hich it forms from potash, commonly called nitre. 



CAROLINE. 

Why is it so called ? Pray, Mrs. B., let these 
old unmeaning names be entirely given up, byns 
at least; and let us call this salt nitrate of poiash. 



r "Wiib all my heart; but it is necessary that I 
should, at least, mention the old names, and more 
especially those which are yet in common use; 
otherwise, when you meet with them, yt 
not be able to understand their meaning. 



EMILY. 

And bow is the acid obiained Irom this s&l£ 



carat 



MRS. B. 

FBy the intervention of sulphuric acid, vl 

mbines with the ])otash, and sets the nitric ai 

fcliberty. Tliis I can easily show you, by mixii^ 

Ine nitrate of potash and sulphuric acid in ^ 

:, and heating it over a lamp ; the nitric aoji 

I come over in the foini of vapour, which W 

11 collect in a glass bell. This acid, diluted 

I is commonly called aqua fortis, if 
I bUow me to mention that name. 
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CAROLINE* 

I have often heard that aqua fortis will dissolve 
almost all metals ; it is no doabt because it yields 
its oxygen so easily. 

MRS. B* 

Yes; and from this powerful solvent property 
it derived the name of aqua fortis, or strong water. 
Do you not recollect that we oxidated, and after- 
wards dissolved, some copper in this acid ? 

EMILY. 

If I remembet" right, the nitrate of copper was 
the first instance you gave us of a compound salt. 

CAROLINE. 

Can the nitric acid be completely decomposed 
and converted into nitrogen and oxygen ? 

EMILY. 

That cannot be the case, Caroline; since the 
acid can be decomposed only by the combination 
of its constituents with other bodies. 

MRS. B. 

True ; but caloric is sufficient for this purpose. 
By making the acid pass through a red-hot porce- 
lain tube it is decomposed; the nitrogen and 
oxygen regain the caloric which they had lost in 
combining, and are thus both restored to their 
gaseous state. 

The nitric acid may also be partly decomposed, 

F 2 
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and is by this means 



into NITROmi 



CAROLINE. 

This conversion must be easily effected, as the 
oxygen is so slightly combined with the nitrc^n. 

MRS. B. 

The partial decomposition of nitric acid is readiij 
effected by most metals ; but it is sufficient to ex- 
pose the nitric acid to a very strong light to make 
it give out oxygen gas, and thus be converted into 
nitrous acid. This latter acid appears in varioiK 
degrees of strength, according to the proportions of 
nitrous acid gas and water of which it is composed: 
the strongest is of a yellow colour, as you sec in 

I^s bottle. 
f CAROLINE. 

I How it fumes when the stopper is taken outl 
MRS. B. 
The acid exists natiirally in a gaseous state, and 
is here so strongly concentrated in water, that it is 
constantly escaping. 

Here is another bottle of nitrous acid, which, 
you see, is of an orange-red : this acid is weaker, 
that is, contains a smaller quantity of the acid gasi 
and with a still less proportion of the gas it is of 
an olive-green colour, as it appears in this third 
hottie. In short, the weaker the acid, the deeper 
is its colour. 
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; Nitrous acid acts stUl more powerfiilly on some 
tflammable substances than the nitric. 



EMILY. 

" I am surprised at that, as it contains less oxygen. 

MRS. B. 

But, on the other hand, it parts with its oxygen 
much more readily: you may recollect that we 
once inflamed oil with this acid. 

The next coml»inations of nitrogen and oxygen 
form only oxides of nitrogen, the first of which is 
commonly called niirojis air,- or more properly 
nilric oxide gas. This may be obtained from nitric 
acid, by exposing the tatter to the action of metals, 
as in dissolving them it does not yield the whole of 
its oxygen, but retains a portion of this principle 
sufficient to convert it uito this peculiar gas, a spe- 
cimen of which I have prepaced, and preserved 
within this inverted glass bell. 
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EMILY. 

It is a perfectly invisible elastic fluid. 



rveu I 



Yes ; and it may be kept any length of time in 
this manner over water, as it is not, like the nitric 
and nitrous acids, absorbable by it. It is rather 
heavier than atmospherical air, and is incapable of 
supporting either combustion or respiration. I 
am going to incline the glass gently on one side, so 
as to let some of the gas escape. 

F 3 
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EMILY. 

How very curious ! — It produces orange fumes 
like the nitrous acid ; that is the more extra> 
ordinary, as the gas within the glass is perfectly 
invisible. 

MRS. B. 

It would give me much pleasui'e if you could 
make out the reason of this curious change vcithoul 
requiring any further explanation. 

caholine. 
It seems, by the colour and smell, as if it 
converted into nitrous acid gas : yet that cannot be, 
unless it combines with more oxygen ; and how 
it obtain oxygen the very instant it escapes from 
the j^ass ? 

EMILY. 

From the atmosphere, no doubt. Is it not sd, 
Mrs.B.? 



You have guessed it: as soon as it comes in 
contact with the atmosphere, it absorbs from it the 
additional quantity of oxygen necessary to convert 
t into nitrous acid gas. And, if I now remove 
^e bottle entirely from tlie water, so as to bring 

e whole of the gas into contact with the 
iphere, this conversion will appear still more 
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<lc, Caroline, the whole capacity of the bott 
is instantly tinged of an orange colour ! 

MRS. B. 

Thus, you see, it is the most easy process ima- 
ginable to convert nitrous oxide gas into nitrous 
acid gas. The property of attracting oxygen from 
the atmosphere, without any elevation of tempera- 
ture, has occasioned this gaseous oxide to be used 
as a test for ascertaining the degree of purity of 
the atmosphere, I am going to show you how it 
is applied to this purpose. — You see this gradu- 
ated glass tube, which is closed at one end {Plate 
Xni. fig. 2.) — I first fill it with water, and then 
introduce a certain measure of nitrous gas, which, 
not being absorbable by water, passes through it, 
and occupies the upper part of the tube. I must 
now add rather above two thirds of oxygen gas, 
which will just be sufficient to convert the nitrous 
oxide gas into nitrous acid gas. 

CAROLINE. 

So it has ! — I saw it turn of an orange colour; 
but it immediately alterwards disappeared entirely, 
and the water, you see, has risen, and almost filled 
the tube. 



^^BSniat is be 
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lat is because the acid gas is absorbable by 
and in proportion as the gas impregnates 
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e water, the latter rises id the tube, 
oxygen gas is very pure, and the required pFopcff- 
tion of nitrous oxide gas very exact, the whole is 
absorbed by the water ; but if any other gas be 
mixed with the oxygen, instead of combining wiili 
the nitrous oxygen, it will remain and occupy the 
upper part of the tube ; or if the gases be not in 
the due proportion, there will be a residue of that 
which predominates. — Before we leave this sub- 
ject, I must not forget to remark that nitrous acid 
may be formed by dissolving nitrous oxide gas in 
nitric acid. This solution may be effected simply by 
making bubbles of nitrous oxide gas pass throu^ 
[-nitric acid. 

EMILY. 

That is to say, that nitrogen at its highest degrM 
of oxygenation, being mixed with nitrogen at its 
lowest degree of oxygenation, will produce a kind 
of intermediate substance, which is nitrous acid. 



You have stated the fact with great precision. 

— Thei'e are various other methods of preparing 

nitrous oxtde, and of obtaining it from compound 

bodies ; but it is not necessary to enter into these 

larticulars. It remains for me only to mention 

lother curious modification of oxygenated nitro- 

which has been distinguished by the name of 

gaseous oxide of nitrogen. It is but Lately that this 

gas has been accurately examined, and its proper- 

bave been investigated chiefly by Sir H. Davy. 
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tt has obtained also the name of exhilarating 
gas, from the very singular property which that 
gentleman has discovered in it, of elevating the 
animal spirits, when inhaled into the lungs, to 
degree sometimes resembling delirium or intoxi- 
cation. 



CAROLINE. 

Is it respirable, then ? 



It can scarcely be called respirable, as it would 
not support life for any length of time ; but it may 
be breathed for a few moments without any other 
effects than the singular exhilaration of spirits I 
have just mentioned. It affects people, however, 
in various manners, some become violent, even 
outrageous ; others experience a languor, attended 
with faintness; but most agree in opinion that the 
sensations it excites are extremely pleasant. 

CAROLINE. 

I think I should like to try it — how do 
breathe it ? 

MRS. B. 

By collecting the gas in a bladder, to which 
short tube with a stopcock is adapted; this is 
applied to the mouth with one hand, whilst tht; 
nostrils are kept closed with the other, in order 
that the common air may have no access. You 
then alternately inspire, and expire the gas, till you 
perceive its effects. But I cannot consent to your 
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jDaking tfae experiment; for the nerves are 
times unpleasantly affected by it, and I would oot 
run any risk of that kind. 

EMILY. 

I should like, at least, to see somebody breatlie 
it; but pray by what means is this curious ffi 
"obtained? 

MRS. B. 

It is procured from niirate of ammonia, and arti- 
ficial salt, which yields this gas on ihe applicatitn 
of a gentle heat. I have put some of the salt ii 
a retort, and by the aid of a lamp the gas will be 
extricated. 

CABOLINE. 

Bubbles of air begin to escape through the oedl 
of the retort into the water apparatus; will you not 
collect them ? 

MRS. B. 

The gas that first conies over need not be prfr 
served, as it consists of little more than the common 
air that was in the retort; besides, there is alwa}t 
in this experiment a quantity of watery vapotH 
which must come away before the nitrous oxidt 
appears. 

EMILY. 

Watery vapour! "Whence does that proceed! 
There is no water in nitrate of ammonia ? 



You must recollect that there is i 
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a quantity of water of crystallisKtion, which may 
be evaporated by heat alone. But, besides this, 
water is actually generated in this experiment, as 
you will see presently. First tell me, what are tlie 
constituent parts of nitrate of ammonia ? 

EMILY. 

Ammonia and nitric acid : this salt, therefore^ 
contains three different elements ; nitrogen and 
hydrogen, which produce the ammonia; and oxy- 
gen, which, with nitrogen, forms the acJd. 

MUS. B. 

Well, then, in this process the ammonia is 
decomposed; the hydrogen quits the nitrogen to 
combine with some of the oxygen of the nitric acid, 
and forms with it the watery vapour which is now 
coming over. When that is effected, what will you 
expect to find ? 

EMltY. 

Nitrous acid instead of nitric acid, and nitrogen 
instead of a 



MRS. B. 

Exactly so; and the nitrous acid and nitrogen 
combine, and form the gaseous oxide of nitrogen, 
in which the proportion of oxygen is 37 parts to 
63 of nitrogen. 

You may have observed that for a little while 

no bubbles of air have come over, and we have 

perceived only a stream of vapour condensing as it 

sued into the water. — Now bubbles of air again 
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tnake their appearance, and I imagine that by this 
time all the watery vapoui' is come away> and tbal 
we may begin to collect the gas. We may trj 
whether it is pure by filling a phial with it, and 
plunging a taper into it. — Yes, it will do now, fla 
the taper burns brighter than in the common air, 
and with a greenish flame. 

CAROLINE. 

But how is that? I thought no gas would sup- 
port combustion but oxygen or chlorine. 

MItS. B. 

Or any gas that contains oxygen, and is reatlj 
to yield it, which is the case with this in a con- 
siderable degree; it is not, therefore, surprising 
that it should accelerate the combustion of tlw 
taper. 

You see that the gas is now produced in great 
abundance ; we shall collect a large quantity of it, 
and I dare say that we shall And some of the fa- 
mily who will be curious to make the experiment 
of respiring it. Whilst this process is going on, 
we may take a general survey of the most im- 
portant combinations of the nitric and nitrous acids 
with the alkalies. 

The first of these is nitrate of potash, commonly 
called nitre or saltpetre. 

CABOLINE. 

Is not that the salt with which gunpowder 
as made? 
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MRS. B. 

Yes. Gunpowder is a mixture of five parts of 
nitre to one of sulphur, and one of cliarcoal. — 
Nitre, from its great proportion of oxygen, and 
from the facility with which it yields it, is the basis 
of most detonating compositions. 

EMILY. 

But what is the cause of the violent detonation 
of gunpowder when set fire to ? 

MRS. B. 

Detonation may pi'oceed from two causes; the 
sadden formation, or destruction, of an elastic fluid. 
In the first case, when either a solid or liquid is 
instantaneously converted into an elastic fluid, the 
prodigious and sudden expansion of the body 
strikes the air with great violence, and this con- 
cussion produces the sound called detonation. 

CAROLINE. 

That I comprehend very well ; but how can a 
similar effect be produced by the destruction of a 



A gas can be destroyed only by condensing 
to a liquid or solid state : when this takes place 
suddenly, the gas, in assuming a new and more 
compact form, produces a vacuum, into which the 
surrounding air rushes with great impetuosity ; and 
it is by that rapid and violent motion that the 
sound is produced. In all detonations, therefore! ■ 
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gases are eitlier suddenly formed, or destroyed 
In that of gunpowder, can you tell me whicli of 
these two circumstances takes place ? 



I 
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EMILY. 

As gunpowder is a solid, it must, of course, pro- 
duce the gases in its detonation; but how, I canndt 

tell. 

The constituents of gunpowder, when heated U 
a certain degree, enter into a number of new com- 
binations, and are instantaneously converted into 
a variety of gases, the sudden expansion of whid 



givei 



rise to the detonation. 



CABOUNE. 

And in what instance does the destruction a 
condensation of gases produce detonation ? 

MRS. B. 

I can give you one -with which you are w^sc- 
qualntcd ; the sudden combination of the oxygdl 

and hydrogen gases. 

CAROLINE. 

True ; I recollect perfectly that hydrogen deto- 
nates with oxygen when the two gases are con- 
Terted into water. 

But let us return to the nitrate of potash. — Tbi* 
salt is decomposed when exposed to heat, itnit' 
mixed with any combustible body, such as carl 
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sulphur, or metals, these substances oxidating 
rapidly at the expense of the nitrate. I must show 
you an instance of this. — I expose to the fire some 
of the salt in a small iron ladle, and, when it is 
sufficiently heated, add to it some powdered char- 
coal : this will attract the oxygen from the salt, and 
be converted into carbonic acid. 

EMILY. 

But what occasions that crackling noise, and 
those vivid flashes that accompany it ? 

MRS. B. 

The rapidity with which the carbonic acid gas 
is formed occasions a succession of small detona- 
tions, which, together with the emission of flame, is 
called deflagration. 

Nitrate of ammonia we have already noticed, on 
account of the gaseous oxide of nitrogen which is 
obtained from it. 

Nitrate of silver is the lunar caustic, so remark- 
able for its property of destroying animal fibre, for 
which purpose it is often used by surgeons. — 
We have said so much on a former occasion on 
the mode in which caustics act on animal matter, 
that I shall not detain you any longer on this sub- 
ject 

We now come to the carbonic acid, which we 
have already had many opportunities of noticing. 
You recollect that this acid may be formed by the 
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combustion of carbon, whether in its impetTeCl 
state of charcoal, or in its purest form ofdianiooil 
And it is not necessary, for this purpose, to bum 
the carbon in oxygen gas, as we did in the pr^ 
ceding lecture; for you need only tight a piece of 
charcoal and suspend it under a I'eceiver on (be 
water bath. Ilie charcoal will soon be extjn- 
guished, and the atr in the receiver will be fouix! 
mixed with carbonic acid. The process, howevefi 
is much more expeditious if the combustion be pe^ 
r formed in pure oxygen gas. 

CAROtlNE. 

But how can you separate the carbonic aciil, 
obtained in this manner, from the air with which il 
is mixed? 

, MRS. B. 

I The readiest mode is to introduce under the re- 
ceiver a quantity of caustic lime, or caustic aUuU, 
which soon attracts the whole of the carbonic acid 
to form a carbonate. — The alkali is found in- 
creased in weight, and the volume of the air is 
diminished by a quantity equal to that of the car- 
bonic acid which was mixed with it. 

EMILY. 

Pray, is there no method of obtaining pure car- 
bon from carbonic acid ? 



For a long time it was supposed tliat carbonic 
acid was not decompoundable; but Mr. Tennant 
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discovered, that this acid may be decomposed 
by burning phosphorus in a closed vessel with 
Gsrboiiate of soda or carbonate of lime: the phos- 
phorus absorbs the oxygen from the carbonate, 
whilst the carbon is sepiirated in tlie form of a 
black powder. This decomposition, however, is 
not effected simply by the attraction of the phos- 
phorus for oxygen, since it is weaker than that of 
charcoal; but the attraction of the alkali or lime 

' the phosphoric acid unites its power at th^« 

me time. 

CAROLINE, 

kCannot we make that experiment 

MRS. B. 

rUot easily; it requires being performed with 
tottreme nicety, in order to obtain any sensible 
L quantity of carbon, and the experiment is much 
too delicate for me to attempt it. But there can be 
no doubt of the accuracy^of the results ; which are, 
that one hundred parts of carbonic acid gas consists 
of about twenty-eight parts of carbon to seventy- 
two of oxygen gas. But if you recollect, we 
decomposed carbonic acid gas the other day by 
burning potassium in it. 

CAROLINE, 

True, SO we did; and found the carbon preci- 
pitated on the regenerated potash. 

MRS. B. 

Carbonic acid gas is found very abundantly in 
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nature; it Is supposed to form about one tW- 
sandlh part of tlie atmosphere, and is consUWlj 
produced by the respii-ation of animals; it eiisC 
in a great variety of combinations, and is exhald 
from many natural decompositions. It is cott- 
tained in a state of great purity in certain csm. 
such as the Groito del Cane, near Naples. 

EJIILY. 

I recollect having read an account of thatgroUi^ 
and of the cruel experiments made on the poor 
dogs, to gratiij' the curiosity of strangers. Bull 
understand that the vapour exhaled by this CtW 
was called jKrerf atr. 

MRS. B. 

That is tlie name by which carbonic add mi 
known before its chemical composition was diso 
vered. — This gas is more destructive of life tfaso 
any other ; and if the poor animals that are sdU 
mitted to its effects are not plunged into cold 
as soon as tliey become senseless, they do not » 
cover. It extinguishes flame instantaneously. I 
have collected some in this glass, which I will poor 
over the candle. 

CAROLTNE. 

This is extremely singular — it seems to extin- 
guish the light as it were by enchantment, as i 
gas is invisible. I never should have imagined thut 
gas could have been poured like a liquid. 
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MRS. B. 

It can be done with carbonic acid only, as no 
other gas is sufficiently heavy to be susceptible of 
being poured out in the atmospherical air without 
mixing with it. 

EMILY. 

Pray, by what means did you obtain this gas ? 

MRS. B. 

I procured it from marble. Carbonic acid gas 
has so strong an attraction for all the alkalies and 
alkaline earths, that these are always found in na- 
ture in the state of carbonates. Combined with 
lime, this acid forms chalk, which may be consi- 
dered as the basis of all kinds of marbles and cal-^ 
careous stones. From these substances carbonic 
acid is easily separated, as it adheres so slightly to 
its combinations, that the carbonates are all decom- 
posible by any of the other acids. I can easily 
show you how I obtained this gas ; I poured some 
diluted sulphuric acid over pulverised marble in 
this bottle (the same which we used the other day 
to prepare hydrogen gas), and the gas escaped 
through the tube connected with it : the operation 
still continues, as you may perceive. 

EMILY. 

Yes, it does ; there is a great fermentation in the 
glass vessel. What singular commotion is excited 
by the sulphuric acid taking possession of the 
lime, and driving out the carbonic acid ! 
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CAROLINE. 

id the carbonic acid exist in 
I Btste in the marble ? 

MRS. B. 

Certainly not; the acid, when in a state of coi 
bination, is capable of existing in a solid form. 



Whence, then, does it obtain the caloi-ic neces- 
9Bry to convert it into gas ? 

MRS. B. 

may be supplied iii this case from the mix- 
tnre of sulphuric .icid and water, which produces 

"olution of heat, even greater than is required 
for tlie purpose; since, as you may perceive by 
touching the glass vessel, a considerable quantity 
of the caloric disengaged becomes sensible. Buf 
a supply of caloric may be obtained also from a 
diminution of capacity for heat, occasioned by the 
new combination which takes place; and, indeed^ 
this must be the case when other acids are em- 
for the disengagement of carbonic acid gas, 
do not, like the sulphuric, produce heal on 
iing mixed with water. Carbonic acid may like- 

be disengaged from its combinations by heai 

, which restores it to its gaseous state. 

CAROLINE. 

L appears to me very extraordinary that the 
I gas which is produced by the burning ofjj 




CARBONIC ACID. 11? 

wood and coals should exist also in such bodies as 
marble and chalk, which are incombustible sub- 
stances! 

MRS. B. 

1 will not answer that objection, Caroline,, be- 
cause I think I can put you in a way of doing it 
yourself. Is carbonic acid combustible? 

CAROLINE. 

Why, no — because it is a body which has been 
already burnt ,' it is carbon onlyj and not the acid 
that is combustible. 

MRS. B. 

Well, and what inference do you draw from 
this ? 

CAROLINE. 

That carbonic acid cannot render the bodies 
with which it is united combustible ; but that sim- 
ple carbon does ; and that it is in this elementary 
state that it exists in wood, coals, and a great va- 
riety of other combustible bodies. — Indeed, Mrs. 
B., you are very ungenerous; you are not satis- 
fied with convincing me that my objections are 
frivolous, but you oblige me to prove them so my- 
self. 

MRS. B. 

You must confess, however, that I make ample 
amends for the detection of error when I enable 
you to discover the truth. You understand now, 
J hope, that carbonic acid is equally produced by 
decomposition of chaEk, or by the combus^ 
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of charcoal. These processes are certainly of a 
very difiFerent nature: in tlie first case the acid is 
alrendy formed, and requires nothing more than 
heat to restore it to its gaseous state ; whilst, JD 
^ithe latter, the acid is actually made by the process 
combustion. 



I 



P 



I understand it now perfectly. But I have just 
been thinking of another difficulty, which, I hope, 
you will excuse my not being able to remove my- 
self. How does the immense quantity of calcareoas 
earth, which is spread all over the globe, obtfun 
the cnrbonic acid with which it is combined? 



The question is, indeed, not very easy to an- 
swer; but I conceive that the general cartxHU- 
salion of calcareous matter may have been the e%Ct 
of a general combustion, occasioned by some 
volution of our globe, and producing an immense^ 
supply of carbonic acid, with which the calcareous 
matter became impregnated ; or that this may have 
been effected by a gradual absoiption of carbonK^ 
acid from the atmosphere. — But this would lead us 
to discussions which we cannot indulge in without 
deviating too much from our subject. 

E.MILV. 

How does it happen that we do not perceive tho 
pei'nicious effects of the carbonic acid which' 
floating ill ihe atmosphere? 
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MRS. B. 

Because of the state of very great dilation in 
which it exists there. But can you tell me, Emily, 
what are the sources which keep the atmosphere 
constantly supplied with this acid ? 

EMILY. 

I suppose the combustion of wood, coals, and 
other substances that contain carbon. 

MRS. B. 

And also the breath of animals. 

CAROLINE. 

The breath of animals ! I thought you said that 
this gas was not at all respirable, but, on the con- 
trary, extremely poisonous. 

MRS. B. 

So it is; but although animals cannot breathe 
in carbonic acid gas, yet in the process of respir- 
ation, they have the power of forming this gas in 
their lungs; so that the air which we expire^ or 
reject from the lungs, always contains a certain pro- 
portion of carbonic acid, which is much greater than 
that which is commonly found in the atmosphere. 

CAROLINE. 

But what is it that renders carbonic acid such a 
deadly poison ? 

MRS. B. 

The manner in which this gas destroys life se^ns 
to be merely by preventing the access of respirable 
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air; for carbonic acid gas, unless very mi 
luted with common air, does not penetrate into the 
lungs, as the windpipe actually contracts and re- 
fuses it admittance. — But we must dismiss this 
subject at present, as we shall have an opportunity 
of treating of respiration much more fully when ve 
come to the chemical functions of animals, 

EMILY. 

Is carbonic acid as destructive to the life ct 
v^^etables as it is to that of animals ? 

MRS. B. 

If a vegetable be completely immersed in it, I 
believe it generally proves fatal to it; but mixed in 
certain proportions with atmospherical air, it is, on 
the contraiy, very favourable to vegetation. 

You remember, I suppose, our mentioning the 
mineral waters, both natural and artificial, whipb 
contain carbonic acid gas ? 

CAROLINE. 

You mean the Seltzer water ? 



That is one of those which are the most used 
there are, however, a variety of others into which 
carbonic acid enters as an ingredient; all these 
waters are usually distinguished by the name ol 
acidtilota or gaseous mineral waters. 

The class of salts called carbonates is the most 
inumerous in nature : we must pass over them in 4 
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very cursory maDner, as the subject is far too exten- 
sive for us to enter on it in detail. The state of 
carbonate is the natural state of a vast number of 
minerals, and particularly of the alkalies and alka- 
line earths, as they have so great an attraction for 
the carbonic acid, that they are almost always 
found combined with it; and you may recollect 
that it is only by separating them from this acid, 
that they acquire that causticity and those striking 
qualities which I have formerly described. All 
marbles, chalks, shells, calcareous spars, and lime- 
stones of every description, are neutral salts, in 
which lime^ their common basis, has lost all its 
characteristic properties. 

EMII.Y. 

But if all these various substances are formed by 
the union of lime with carbonic acid, whence arises 
their diversity of form and appearance ? 

MRS. B. 

Both from the different proportions of their 
component parts, and from a variety of foreign 
ingredients which may be occasionally blended with 
them: the veins and colours of marbles, for instance, 
proceed from a mixture of metallic substances; 
silex and alumine, also, frequently enter into these 
combinations. The various carbonates, therefore, 
which I have enumerated, cannot be considered as 
pure, unadulterated neutral salts, although they 
certainly belong to that class of bodies. 
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pro 

i 



CONVERSATION XVIII. 

the boracic, fluoric, and muriatic 
. acids; on chlorine; and on muriates. — 
, on iodine akd iodic acid. 



MTIS. B. 

E now come to the three remaining acids m& 
simple bases, the compound nature of whichi 
though long suspected, has been but recently 
proved. The chief of these is the muriatic ; but I 
^all first describe the two others, as their bases 
lave been obtained more distinctly than that of 
muriatic acid. 
YoQ may recollect I mentioned the BOBAac 
This is found very sparingly in some parts 
Europe, but for the use of manufactures we have 
always received it from the remote country of Thi- 
bet, where it is found in some lakes, combined with 
soda. It is easily separated from the soda by 
' luric acid, and appears in the form of shining 
i, as vou see here. 



CAttOLINE. 



I am glad to meet with an acid which we need 
tot be afraid to touch: for I perceive, from yCMlt 



BORACIC ACID. 123 

keeping it in a piece of paper, that it is more inno- 
cent than our late acquaintance, the sulphuric and 
nitric acids. 

MRS. B. 

Certainly: but being more inert, you will not 
find its properties so interesting. However, its de- 
composition, and the brilliant spectacle it affords 
when its basis again unites with oxygen, atones for 
its want of other striking qualities. 

Sir H. Davy succeeded in decomposing the bo- 
racic acid (which had till then been considered as 
undecompoundable) by various methods. On ex- 
posing this acid to the Voltaic battery, the positive 
wire gave out oxgyen, and on the negative wire 
was deposited a black substance, in appearance 
resembling charcoal. This was the basis of the 
jBcid, which Sir H. Davy has called Boracium or 
Boron, 

The same substance was obtained in more con- 
siderable quantities by exposing the acid to a great 
Jieat in an iron gun-barrel. 

A third method of decomposing the boracic acid 
consisted in burning potassium in contact with it 
in vacuo. The potassium attracts the oxygen from 
the acid, and leaves its basis in a separate state. 

The recomposition of this acid I shall show 
you, by burning some of its basis, which you see 
here, in a retort full of oxygen gas. The heat 
of a candle is all that is required for this com- 
bustion. 

G 2 
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EMILY. 

The light is astoDishingly brilliant, - 
beautiful sparks it throws out ! 



The result of this combustion is the boracic 
I acid, the nature of which, you see, is proved both 
I by analytic and synthetic means. Its ba&is fast 
I not, it is true, a metallic appearance ; but it makes 
I very hard alloys with uther metals. 

EMILY. ' 

But pray, Mrs. B., for what purpose is the 
boracic acid used in manufactures ? 

MKB. B. 

Its principal use is in conjunction with soda, 
that is, in the state of borate of soda, which in the 
arts is commonly called borax. This salt has a 
peculiar power of dissolving metallic oxides, ani 
of promoting the fusion of substances _ capable <rf' 
being melted ; it is accordingly employed in VHrioos 
metallic artsj it is used, for example, to remove 
the oKide from the surface of metals, and is often 
employed in the assaying of metallic ores. 

Let us now proceed to the fluoric acid. Tllis 

acid is obtained from a substance which is found 

t'irequently in mines, and particularly in those of 

levbyshire, caWedJltior, a name which it acquired 

1 the circumstance of its being used to render 

iB ores of metals more fluid when heated. 
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CAROLINE. 

Pray is not this the Derbyshire spar, of which 
so many ornaments are made ? 

MRS. B. 

The same; but though it has long been em- 
ployed for a variety of purposes, its nature was 
unknown until Scheele, the great Swedish che- 
mist, discovered that it consisted of lime united 
with a peculiar acid, which obtained the name of 
Jluoric acid. It is. easily separated from the lime 
by the sulphuric acid, and unless condensed in 
water, ascends in the form of gas. A very pecu- 
liar property of this acid is its union with siliceous 
earths, which I have already mentioned. If the 
distillation of this acid is performed in glass ves- 
sels, they are corroded, and the siliceous part of 
the glass comes over, united with the gas ; if water 
be then admitted, part of the silex will be deposited, 
as you may observe, in this jar. 

CAROLINE. 

I see white flakes forming on the surface of the 
water : is that silex ? 

MRS. B. 

Yes, it is. This power of corroding glass has 
been used for engraving, or rather etching upon 
it. The glass is first covered with a coat of wax, 
through which the figures to be engraved are to be 
scratched with a pin; then pouring the fluoric 

G 3 
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acid over the wax, it corrodes the glass where the 
scratches have been made. 

CAROLINE. 

I should like to have a bottle of this acid, to 
make engravings. 

MHS. fl. 

But you could not have it in a glass bottle; for 
in that case the acid would be saturated with silex, 
and incapable of executing an engraving; the 
same thing would happen were the acid kept in 
vessels of porcelain or earthenware : this acid must 
therefore be both prepared and preserved in vessels 
of silver. 

If it be distilled from fluor spar and sulphi 
acid, in silver or leaden vessels, the receiver being 
kept very cold during the distillation, it assumes 
the form of a dense fluid, and in that state is the 
most intensely corrosive substance known. This 
seems to be the acid combined with a little water. 
It may be called hi/dro^uoric acid; and Sir H. 
Davy was led, from some experiments on the 
subject, to consider pure fluoric acid as a com- 
pound of a certain unknown principle, which he 
called^MOrjKe, with hydrogen. 

Sir H. Davy also attempted to decompose the 
fluoric acid by burning potassium in contact with 
it ; but he was not able, by this or any othot 
method, to obtain its basis in a distinct 
state. 
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We shall conclude our account of the acids 
with that of the muriatic acid, which is, per- 
haps, the most curious and interesting of all of 
them. It is found in nature combined with soda, 
lime, and magnesia. Muriate of soda is the com- 
mon sea^salt; and from this substance the acid is 
usually disengaged by means of the sulphuric acid. 
The natural state of the muriatic acid is that 
of an invisible permanent gas, at the common 
temperature of the atmosphere ; but it has a re- 
markably strong attraction for water, and assumes 
the form of a whitish cloud whenever it meets any 
moisture to combine with. This acid is remark- 
able for its peculiar and very pungent smell, and 
possesses, in a powerful degree, most of the acid 
properties. Here is a bottle containing muriatic 
scid in a liquid state. 

CAROLINE. 

And how is it liquefied ? 

MRS. B. 

By impregnating water with it: its strong at- 
traction for water makes it very easy to obtain it 
in a liquid form. Now, if I open the phial, you 
nfty observe a kind of vapour rising from it, which 
is muriatic acid gas, of itself invisible, but made 
apparent by combining with the moisture of the 
atmosphere. 

G 4 
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EMILY. 

Have you not any of the pure murtat 
gas? 

mus. d. 

This jar is full of that acid in its gaseous state 
■ — it is inverted over mercury instead of water, 
because, being absorbable by the smallest quantity 
of water, this gas cannot be confined by it. — I 
shall now raise the Jar a little on one side, and 
suffer some of the gas to escape. — You see thM 
mmediately becomes visible in the form of a 
cloud. 

EMILY. 

It DiDSt be, no doubt, from its uniting with ^ 
moisture of the atmosphere, that it is converted, 
into this dewy vapour. 



Certainly ; and for the same reason, that is to 
oay, its extreme eagerness to unite with water, this 
gas will cause snow to melt as rapidly as an Intense 
fire. 

This acid proved much more refractory, whoa 
Sir H. Davy attempted to decompose it, than 
other two undecom pounded acids. It is singula 
that potassium will bum in muriatic acid, and bs 
converted into potash, without decomposing the 
acid, and the result of this combustion is a muriatt 
of potash; for the potash, as soon as it is regene^ 
rated, combines with the muriatic acid. 
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CAROLINE. 

But how can the potash be regenerated if the 
muriatic acid does not oxidate the potassium ? 

MRS. B. 

The potassium, in this process, obtains oxygen 
from the moisture with which the muriatic acid is 
always combined, and, accordingly, hydrogen, re- 
sulting from the decomposition of the moisture, is 
invariably evolved. 

Sir H. Davy obtained very curious results from 
burning potassium in a mixture of phosphorus and 
muriatic acid, and also of sulphur and muriatic acid: 
the latter detonates with great violence. All his ex- 
periments, however, failed in presenting to his view 
the basis of the muriatic acid, of which he was in 
search; and he was at last induced to form an 
opinion respecting the nature of this acid, which I 
shall presently proceed to explain. 

The celebrated chemist Scheele, while exam- 
ining the action of muriatic acid, on oxide of 
manganese, discovered that a peculiar gas was 
disengaged. The French chemists named it 
oxygenated or oxymuriatic acid gas, concluding 
that it was produced by a part of the oxygen of 
the oxide of manganese combining with the 
muriatic acid. This gas is easily procured for 
experimental purposes, by mixing in a retort one 
part of muriatic acid with two of oxide of manga- 
nese, and applying the heat of a lamp. The gas 
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is soon disengaged, and may be received ovi 

water, as it is but sparingly absorbed by it. I have 
, collected some in this jar. 

EMILY. 

It is not invisible like the generality of gases, 
for it is of a yellowish colour. 

MRS. B. 

It is considerably heavier than atmospheric air, 
its specific gravity being about 2,5. It is even 
susceptible of being congealed, or solidified by a 
certain degree of cold. Till within the last twenty 
years, oxymuriatic acid was universally considered 
as a compound body; but in the year 181I> 
Sir H. Davy, after a minute investigatioQ of the 
properties of this gas, proved that instead of being 
a compound of muriatic acid and oxygen, it was a 
simple body, having a great analogy with oxygen in 
most of its properties, being susceptible of com- 
bining with infiammable bodies, and also being 
capable of uniting in various proportions with 
oxygen itself. It became necessary, therefore, 
I to change its name, and Sir H. Davy called it 
I chlorine from its greenish colour; and, in com- 
pliance with his theory, which is now universally 
adopted, we have placed it in the table of simple 
bodies under that name. 

EMILY. 

Do you mean to say, that chlorine is like oxy- 
I gen, a supporter of combustion ? 
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MRS. B« 

In many cases it is so. I have here several glass 
jars containbg chlorine; in the first we shall 
introduce some Dutch gold leaf. Do you observe 
that it takes fire? 

EMILY. 

It does, indeed ! how wonderful this is ! — It 
became immediately red-hot, but was soon smo- 
thered in the thick vapour its combustion pro- 
duced. 

CAROLINE. 

What a disagreeable smell ! 

MRS. B. 

We shall try the same experiment with phos- 
phorus, in another jar of the gas. You had better 
keep your handkerchief to your nose when I open 
the jar to introduce the phosphorus. 

CAROLINE. 

Look, Emily, it bums almost with the same 
brilliancy as in oxygen gas. But what is most 
extraordinary is, that these combustions take place 
without the metal or the phosphorus being pre- 
viously lighted, or even in the least heated. 

MRS. B. 

All these curious effects are owing to the very 
great facility with which chlorine enters into che- 
mical combination with such substances as are 
strongly disposed to unite with it, and during that 
combination a considerable quantity of h^at is. 
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disengaged, sufficient in many cases to ii 
I tabslance. 

Why did you bum Dutch gold leaf rathd 
L any other metal? 

MRS. B. 

Because It is a composition of raetnls (< 
chiefly of copper) which burns readily; but se- 
veral other metals, such as antimony and arsenic, 
exhibit the same phenomena in a less degree. I 
use a thin metallic leaf in preference to a lump of 
metal, because it offers to the action of the gas but 
a small quantity of matter under a large sur&ce. 
filings or shavings would answer the purpose 
nearly as well; but a lump of metal, though the 
surface would be acted upon with great rapidity, 
would not take fire. Pure gold is not inflamed by 
chlorine, but is rapidly dissolved by it ; indeed this 
gas is the only one which will dissolve gold. 

EMILY. 

This is, I suppose, then, what is commonly 
called aqua regta, which you know is the only 
thing which will act upon gold. 

MRS. B. 

That is not exactly the case either; for aqua 
regia is composed of a mixture of muriatic add 
and nitric acid: but the result of this mixture is, 
in bet, the formation of chlorine, as you will h«re* 
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after understand, and it is by the action of the 
chlorine that the gold is dissolved. 

Sulphur, volatile oils, and many other sub* 
stances, will burn in the same manner in chlorine 
gas ; but I have not prepared a sufficient quantity 
of it to show you the combustion of all these 
bodies, 

CAROLINE*' 

You have not yet explained to us the composition 
of muriatic acid, to which you alluded a few minutes 
ago 

MRS. B. 

True ; I avoided noticing it then, because you 
could not have understood it without some previous 
knowledge of chlorine, which I had but just intro-* 
duced to your acquaintance. 

Sir H. Davy proved that muriatic acid, instead 
of being a compound consisting of an unknown 
basis, and oxygen, is formed by the union of 
chlorine with hydrogen. 

CAROLINE. 

And what were the reasons which induced 
philosophers to adopt an opinion so contrary to 
that which had hitherto prevailed ? 

MRS. B. 

There are many circumstances which induced 
them to do so ; but the clearest and simplest &ct 
in its support is, that if equal volumes of hydrogen 
and chlorine be mixed together and exposed to the 
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Same of a candle, or the direct rays of the sun, an 

Implosion takes place, both these gases disappear, 
tnd muriatic acid is formed. 
dea 
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EMILV. 

That seems to aflbrd a complete proof of the 
theory: was it not considered as conclusive? 

MRS. B. 

It was not for some time thought to be w 
decisive as it appears ; for it was argued by those 
who inclined to the old doctrine, that muriatic 
acid gas, however dry it may be, always contains 
a certain quantity of water, wliich is supposed to 
be essential to its formation. So that in the ex- 
periment just mentioned, this water is supplied, 
according to their opinion, by the union of the 
hydrogen gas with the oxygen of the oxymuriatic 
acid; and, therefore, the mixture resolves itself 
into the base of the muriatic acid and water, that 
muriatic acid gas. 

CAROLINE. 

According to this theory, how can you explain 
the formation of chlorine from a mixture of muriatie 
acid and oxide of manganese ? 

MRS. B. 

I Very easily : by supposing that in this process 
the muriatic acid is decomposed, its hydrog^ 
unites with the oxygen of the manganese to fonn 
water, and the chlorine appears in its separate 



Although this new theory gained ground very 
tepidly almost immediately after Sir H. Davy had 

published his views upon the subject, it was not 
considered as completely established until the dis- 
covery of iodine, and more recently of brome, both 
of which we shall presently notice. 

Chlorine does not, like tlte acids, redden blue 
vegetable colours ; but it totally destroys all colour, 
turning vegetables perfi^ctly white- In order to 
see this effect, let us collect some vegetable co- 
lours to put into this glass jar, which is filled with 



EMILY. 

FHere is a sprig of myrtle, and a rose. 



J^ CAROLINE, 

And here, some turmeric paper, and some 
scarlet riband. Their colours begin to fade imme- 
diately on being introduced into the jars ! but how 
does the gas produce this effect ? 

MRS. B. 

It destroys the colouiing matter by combining 
with the hydrogen which enters into its composi- 
tion, and forming with it muriatic acid. Old prints 
may be cleaned by this acid, for the paper may 
be whitened without injury to the impression, 
printers' inlt consisting of materials (oil and lamp 
black) which are not acted upon by acids. 

This property of chlorine has lately been em- 
ployed in manufactures, in a variety of bleaching 
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processes; but for these purposes the gas must be 
dissolved in water, as the acid is thus rendered 
much milder, and less powerful in its effects; for 
I gaseous state it would destroy the texture oi 

I veil as the colour of the substance submitted to its 

\ Action. 

CAROLINE. 

Look at the things which we put into the jars, 
they have entirely lost their colour ! 

MRS. B. 

The eifect is completed; and were we now to 
examine the gas we should find it to consist chiefly 
of muriatic acid. Chlorine has been used to pu^ 
the air in fever hospitals and prisons, as it bums 
and destroys putrid effluvia of every kind. 

CAROLINE. 

But I think the remedy must be nearly as bad' 
as the disease, the smell of chlorine is so dreadfh% 
Eufibcating. 

MRS. B. 

It is certainly extremely offensive ; but by 
keeping the mouth shut and wetting the nostrils 
irith liquid ammonia, in order to neutralise the 
vapour as it reaches the nose, its deleterions 
effects may be in a great degree prevented. This 
mode of disinfection can, however, hardly be used 
in places which are inhabited ; and as the vaponr 
of nitric acid, which is scarcely less efhcacious, is 



MURIATES. 137 

not at all prejudicial, it is usually preferred for 
such purposes. 

The infection of the small pox is also destroyed 
by this gas ; and matter which has been submitted 
to its influence will no longer generate that disease. 

Besides uniting with hydrogen and forming 
muriatic acid, chlorine combines also with oxygen 
in several proportions, forming two gaseous oxides, 
called euchlorine or protoande of chlorine, and the 
dmtoxide of chlorine ; and also two acids contain- 
ing considerably more oxygen, called chloric acid, 
wA perchloric acid. These acids can be made to 
combine with the earths and metals, forming 
chlorates and perchlorates. 

We shall now proceed to the examination of 
the salts formed by muriatic, or, as it is now fre- 
quently called, hydro-chloric acid. Among these 
muriate of soda or common salt is the most in- 
teresting. According to the new theory, dry 
muriate of soda is a compound of chlorine and 
sodium, for it may be formed by the direct com- 
bination of these substances. The uses and pro- 
perties of tins salt are too well known to require 
much comment; besides the pleasant flavour which 
it imparts to food, it assists the process of digestion, 
and is very wholesome when not used to excess. 
Sea-water is the great source whence muriate of 
soda is obtained by evaporation ; but it is also 
fi>und in large solid masses in the bowels of the 
earthy both in England and many other parts of 
the world. 
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EMILY. 

I thought that salts, when solid, were alwa^JB 
the state of crystals; but the common table-salt is 
in the form of a coarse white powder. 

MHS. B. 

Crystallisation depends, as you may recollect, on 
the slow and regular re-union of particles dissolved 
in a fluid ; common sea-satt ifi only in a state of 
imperfect crystallisation, because the process by 
which it is prepared is not favourable to the 
formation of regular crystals. But if you dissohe 
it, and afterwards evaporate the water slowly, yon 
will obtain a regular crystallisation. 

Muriate of ammotiia is another combination o{ 
this acid, which we have already mentioned as the 
principal source from which ammonia is derived. 

I can at once show you the formation of this 
salt by the immediate combination of muriatic acid 
with ammonia. — These two glass jars contmn, the 
(uie muriatic acid gas, the other ammoujacal gas, 
both of which are perfectly invisible — now, if I 
mix them together, you see they immediately fonn 
an opaque white cloud, like smoke. — If a thermos 
meter were placed in the jar in which these gases 
are mixed, you would (jerceive that some heat is at 
the same time produced. 

EMILY. 

The effects of chemical combinations are, ia> 
I deed, wonderful 1 — How extraordinary it is that 
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two invisible bodies should become visible by their 
union ! 

MRS. E. 

This strikes you with astonishment, because it is 
a phenomenon which nature seltlom exhibits to 
our view 1 but the most common of her operations 
are as wonderful, and it is their frequency only 
that prevents our regarding them with equal ad- 
miration. What would be more surprising, for 
instance, than combustion, were it not rendered so 
familiar by custom ? 

EMILY. 

That is true. — But pray, Mrs. B., is this white 
cloud the salt that produces ammonia? How dif- 
ferent it is from the solid muriate of ammonia which 
you once showed us ! 

MRS. B. 

It Ls the same substance, which first appears 
the state of vapour, but will soon be condensed by 
cooling against the sides of the jar, in the form of 
very minute crystals. 

We may now proceed to examine the chlorates. 
In this class of salts, the chlorate of potash is the 
most worthy of our attention from its striking 
properties. It is a compound of chloric acid, 
or chlorine and oxygen with potash. If this salt 
be mixed and rubbed together with sulphur, phos- 
I^orus, charcoal, or, indeed, any other combustible, 
:plodes strongly. . ^.^ 
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CAROLINE. 

lake gunpowder, I suppose it is suddenly etn- 
vened into elastic fluids. 

MRS. B. 

Yes; but with this remarkable diiFerence, thai 
no increase of temperature, any further than is 
produced by gentle friction, is required in thii 
instance. Can you discover what gases are ge- 
nerated by the detonation of this salt with cha^ 
coal? 

EMILY. 

Let me consider. — The cliloric acid of 
dilorate of potash parts with its excess of oxygen 
to the charcoal} by which means it is converted 
into chlorine ; while the charcoal, being burnt tef 
the oxygen, is changed into carbonic acidga&' 
What becomes of the potash I cannot tell. 

MRS. B. 

It is a Qxed product, which remains in dit 
vessel. 

1 mean to show you this experiment, but 1 
advise you not to attempt to repeat it alone; fbi 
unless great care be taken to mix only very snull 
qu.'intities at a time, die detonation will be «fr 
tremely violent, and may be attended with danger* 
ous effects. You see I mix a few particles only </ 
the salt, with a little powdered charcoal in tbif 
Wedgwood mortar, and rub them together witi 
^ pestle. 
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CAROLINE. 

Heavens ! How can such a loud explosion be 
produced by so small a quantity of matter ? 

MRS. B. 

You must consider that an extremely small 
quantity of solid substance may produce a very 
great volume of gases ; and it is the sudden evolu- 
tion of these which occasions the sound. 

EMILY. 

Would not chlorate of potash make stronger 
gunpowder than nitrate of potash? 

MRS. B. 

Yes; but the preparation, as well as the use of 
this salt, is attended with so much danger, that it is 
never employed for that purpose. 

CAROLINE. 

There is no cause to regret it, I think ; for the 
common gunpowder is quite sufficiently destructive. 

MRS. B. 

I can show you a very curious experiment with 
this salt; but it must again be on condition that 
you will never attempt to repeat it by yourselves. 
I throw a small piece of phosphorus into this 
glass of water; then a little chlorate of potash; 
and, lastly, I pour in (by means of this funnel, so 
as to bring it in contact with the two other ingre- 
dients at the bottom of the glass) a small quantity 
of sulphuric acid. 




CAROI-INE. 

This is, indeed, a beautiful experiment! ^Ifee 
phosphorus takes fire and burns from the bottoa 
of the water. 

t EMILY. 

How wonderful it is to see flame bursting out 
ider water, and rising through it ! Pray, how a 
is accounted for? 



MHS. B. 

Cannot you find it out, Caroline? 



-I think I caa explain it. Is it not be- 
cause the sulphuric acid decomposes the salt, by 
combining with the potash, so as to liberate the 
(^lorine and oxygen, by which the phosphorus is 

' set on fire? 

I MHS. B. 

' Very well, Emily ; and with a little more refleo- 
tion you would have discovered another conr 
curring circumstance, which is, that an increase of 
temperature is produced by the mixture of the 
sulphuric acid and water, wliich assists in pro* 
motingthe combustion of the phosphorus. 

I must, before we part, introduce to your ac- 
quaintance the newly discovered substance, iodine^ 
which, you may recollect, we placed next to oxygen 
and chlorine in our table of simple bodies. 



^^H Is this 



so a body capable of maintaining coii> 

: oxygen and chlorine ? -^^^ 
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MRS. B. 

It is; and although it does not so generally dis*^ 
engage light and heat from inflammable bodies, as 
oxygen and chlorine do, yet it is capable of com- 
bining with most of them ; and sometimes, as in 
the instance of potassium and phosphorus, the 
combination is attended with an actual appearance 
of light and heat. 

CAROLINE. 

But what sort of a substance is iodine ? what is 
its form and colour? 

MRS. B. 

It is a very singular body, in many respects. 
At the ordinary temperature of the atmosphere, it 
commonly appears in the form of bluish-black 
crystalline scales, such as you see in this tube. 

CAROLINE. 

They shine like black lead, and some of the 
scales have the shape of lozenges. 

MRS. B. 

That is actually the form which the crystals of 
iodine often assume. But if we heat the tube 
gently by holding it over the flame of a candle, see 
what a change takes place in the crystals. 

CAROLINE. 

How curious ! They seem to melt, and be 
transformed into a beautiful violet vapour. But 
look, Mrs. B., the same scales are now appearing 
at the other end of the tube. 



This is, in feet, a sublimation of iodi 
iDe part of the tube to another; but with this 
Fttnarkable pecuharity, that, while in the gaseous 
state, iodine assumes that bright violet colour, 
which, as you may already perceive, it loses as the 

rtube cools, and the substance resumes its usoal 
BoUd form. — It is from the violet colour of the gu 
that iodine has obtained its name, 
aft 
lifi 
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CAROLINE. 

s curious substance obtained ? 



I 



It is found iu tlie ley of ashes of sea-weedt 
alVer the soda has been tieparated by crystal- 
lisation; and it is disengaged by means of sul- 
phuric acid, which expels it from the alkaline lej 
in the form of a violet gas, which may be collected 
and condensed in the way you have just seen. — 
This interesting discovery was made in the year 
1812, by M. Courtois, a manufacturer of saltpetre 
« Paris. 

CAROLINE. 

And pray, Mrs. B., what is the proof of iodins 
being a simple body ? 

MRS. B. 

It is ccqisidered as a simple body, both because 
't IS not capable of being resolved into other in- 
ents, and because it is itself capable of coni- 
ng with other bodies, in a manner analogous t« 
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oxygen and chlorine. The most curious of these 
combinations is that which it forms with hydrogen 
gas, the result of which is a peculiar gaseous acid, 
called hydriodic acid. 

A third substance has been lately discovered in 
sea water, which bears a striking analogy to chlo- 
rine and iodine. — M. Ballard, a French chemist, 
who discovered this body, called it brome^ from its 
poignant and disagreeable smell, much resembling 
that of chlorine. 

EMILY. 

Pray, what sort of appearance has this sub- 
stance ? 

MRS. B. 

That of a dark red liquid ; it has the property 
of corroding both animal and vegetable matters ; 
its poisonous effects are so active, that a single 
drop poured into the bill of a bird kills it in- 
stantaneously. This substance is remarkably 
heavy, its specific gravity being three times that 
of water. 

CAROLINE. 

Then I suppose that it requires a very consider- 
able heat to produce ebullition ? 

MRS. B. 

No; brome forms a singular exception to the 
general law ; for, notwithstanding its high specific 
gravity, it boils at the temperature of 160° Fahren- 
heit. 

vox. II. H 



CONDENSATION OF ( 



' That is very singular ! and does it support e 
istion like chlorine? 



K If you pour a drop of it into a glass jar, it is 
mmediately filled with a red vapour, which et- 
tinguishes a lighted taper, 

Brome, like chlorine and iodine, combines widi 

hydrogen, forming /ii/drobromic acid, and also with 
oxygen, and with several of the simple inflammable 
bodies. Its general properties seem to place it 
between chlorine and iodine ; and the discovery of 
this new body affords an additional confirmatioii 
of the simple nature of those two remarkable 
substances. 

We have now examined such of the acids and 
salts as I conceived would appear to you interest- 
ing; but before we conclude tliis subject, I must 
make you acquainted with the result of some very 
important experiments made by Mr. Faraday. This 
celebrated chemist has succeeded in condensing 
several of the gases, by the force of pressure, to a 
liquid state. His first attempts were upon chlo- 
rine, which he confined in a tube by means of a 
piston, acting as a condensing syringe: air was 
forced into the tube, until the pressure was equal to 
four times that of the atmosphere. Immediately a 
clear yellow fluid was deposited, which proved to 
be liquid clilorine. 
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CAROLINE. 

How could he ascertain the nature of the liquid 
whilst C(»ifine!d in the tube ? 

MRS. B. 

He cut it through the middle, and the parts 
suddenly flew asunder, as if by an explosion ; the 
whole of the yellow liquid disappeared, and a great 
quantity ofchlorine gas was produced. Mr. Faraday 
has since succeeded, by means of a much more 
considerable pressure, in reducing to a fluid state 
all the gases which are susceptible of being ab- 
sorbed by water ; such as sulphuretted hydrogen 
gas, the carbonic, the muriatic acids, and even the 
nitrous oxide gas. The muriatic acid required a 
pressure of 40 atmospheres, the carbonic acid 86, 
and the nitrous oxide a pressure of no less than 50 
atmospheres. 

EMILY. 

And have not similar experiments been made on 
the atmospheric air, which is so analogous in its 
composition to nitrous oxide gas ? 

MRS. B. 

Mr. Faraday has not yet succeeded in reducing 
to a fluid state either atmospherical air or oxygen 
gas; but it is possible that by employing a pressure 
more considerable than that hitherto used, he may 
accomplish the liquefaction of these gases. 

EMILY. 

But, Mrs. B., is it possible to produce such an 
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CONVERSATION XIX. 

ON THE NATURE AND COMPOSITION OF 
. VEGETABLES. 



MRS. B. 

We have hitherto treated only of the simplest 
combinations of elements, such as alkalies, earths, 
acids, compound salts, stones, &c.; all of which 
belong to the mineral kingdom. It is time, now 
Lo turn our attention to a more complicated class 
of compounds, that of organised bodies, which 
will furnish us with a new source of instruction 
and amusement. 

EMILY. 

By organised bodies, I suppose, you mean the 
vegetable and animal creation ? I have, however, 
but a very vague idea of the word organisation^ 
and I have often wished to know more precisely 
what it means. 

MRS. B. 

Organised bodies are such as are endowed by 
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with various parts, peculiarly constructed 
and adapted lo pertbrm certain functions connected 
with life. Thus j'ou may observe, that mineral 
compounds are formed by the simple effect of me- 
chnnical or chemical attraction, and may appear 
to sonte to be, in a great measure, the productions 
of chance ; whilst organised bodies bear the most 
striking aud impressive marks of design, and axe 
eminently distinguished by that unknown principle, 
called life, from which the various organs derive 
the power of exercising their respective limc- 
tions. 

CAIIOLINE. 

But in what manner does life enable these ormoB 
to perform their several functions? 



That is a mystery which, I fear, is enveloped in 
such profound darkness, that there is very little 
hope of our ever being able to unfold it. We must 
content ourselves with examining the eflects of this 
principle ; as for the cause, we have been able only 
to give it a name, without attaching any other 
meaning to it, than the vague and unsatisfactory 
idea of an unknown agent. 

CAHOLINE, 

[ And yet I think I can form a very clear idea of 



MRS. B. 

Pray let me hear how you would define it ? 



OF VEGETABLES. 151 

CAROLINE/ 

It is, perhaps, more easy to conceive than to 
express — let me consider. Is not life the power 
which enables both the animal and the vegetable 
creation to perform the various functions which 
nature has assigned to them ? 

MRS. B. 

I have nothing to object to your definition ; but 
you will allow me to observe, that you have only 
mentioned the e£Pects which the unknown cause 
produces, without giving us any notion of the 
cause itself. 

EMILY. 

Yes, Caroline, you have told us what life does; 
but you have not told us what it is. 

MRS. B. 

We may study its operations; but we should 
puzzle ourselves to no purpose by attempting to 
form an idea of its real nature. 

We shall begin with examining its e£Pects in the 
vegetable itorld, which constitutes the simplest class 
of organised bodies : these we shall find distin- 
guished from the mineral creation, not only by 
their more complicated nature, but by the power 
which they possess within themselves of forming 
new chemical arrangements of their constituent 
parts by means of appropriate organs. Thus, 
though all vegetables are ultimately composed of 
hydrogen, carbon, and oxygen (with a few other 
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}CcasionaI ingredients), they sepiiratc and combine 
these principles, by tlieir various organs, in a thou- 
sand ways, and form, with them, different kinds of 
juices and solid parts, which exist ready made 
vegetables, and may, therefore, be considered u 
their immediate materials. 
These are : — 



Sap, 


Resim, 


Miicilage, 


Gum Resins, 


Sugar, 


Bnhams, 


Fecula, 


Ca oidchouc. 


Gluten, 


Extractive colouring Matter, 


Fixed Oil, 


Tannin, ^m 


Volatile Oil, 


Woody Fibre, ^ 


Camphor, 


Vegetable Acids, *c. fl 



CAROLINE. 

What a long list of names ! I did not sappose | 
Bithat a vegetable was composed of half so Bunjr I 
ftingredients. 

MRS, B. 

You must not imagiiie that every one of these I 
luateriuls is formed in each individual plant. I I 
mly mean to say, that they are all derived excliJ- \ 
f from the vegetable kingdom. 

EMJI.V. 

L But does each particular part of the plant, such 
root, the bark, the stem, the seeds, the 
1, consist of one of these ingredients only, or 
ffifal of them combined together ? 
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MRS. B. 

I believe there is no part of a plant which can be 
said to consist solely of any one particular ingre- 
dient: a certain number of vegetable materials 
must always be combined for the formation of any 
particular part (of a seed for instance) ; and these 
combinations are carried on by sets of vessels, oi 
minute organs, which select from other parts, and 
bring together, the several principles required for 
the developement and growth of those particular 
parts which they are intended to form and to main- 
tain. 

EMILY. 

And are not these combinations always regulated 
by the laws of chemical attraction ? 

MRS. B. 

No doubt; the organs of plants cannot force 
principles to combine which have no attraction for 
each other : nor can they compel superior attrac- 
tions to yield to those of inferior power : they pro- 
bably act rather mechanically, by bringing into 
contact such principles, and in such proportions, as 
will, by their chemical combination, form the va- 
rious vegetable products. 

CAROLINE. 

We may then consider each of these organs as a 
curiously-constructed apparatus, adapted by their 
mechanism for the performance of a variety of che- 
mical processes. 

H 5 
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MKB, B. 

RviHfflT so. As long as the plant tivei and 

iiirJws the carbon, hydrogen, and oxygen (the 

f vonstituents of its immediate materials), an 

blwhuioed and connected together, that they arc 

itible of entering into other combinations; 

t m sooner does death take place, than tku 

lAUv oT equilibrium is destroyed, and new cwqIhii* 

Mkmu produced. 

EMILY. 

Bm why should death destroy it; for these prin- 
^^qhkis must remain tn the same proportions, nod 
Mwsequently, I should suppose, in the same order 
'^PMtrsctions? 

MRS. B. 

You must remember, that in the vegetable, as 
well as in the animal kingdom, it is by the principle 
of life that the organs are enabled to act; when de- 
|>rived of that agent or stimulus, their power cease^ 
and an order of attractions succeeds similar to that 
which would take place in mineral or unorganised 
«Wtter. 



EMILY. 

new order of attractions, I suppose, that 



It is thi 

MS*troys the organisation of the plant after death 
'•>*: if the same combinations still continued to pre- 
N'^ th« plant would always remain in the state in 
"i^Hfik it died. 

MRS. B. 

^tfm ^hat, you know, is never the case : plants 
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may be partially preserved for some lime after 
death, by drying; but in the natural course of 
events they all return to the state of simple ele- 
ments; a wise and admirable dispensation of Pro- 
vidence, by which dead plants are rendered fit to 
enrich the soil, and become subservient to the 
nourishment of living vegetables. 

CAROLINE. 

But we are talking of the dissolution of plants, 
tefore we have examined them in their living state- 



That is true, my dear. But I wished to give you 
a general idea of the nature of vegetation before 
we entered into particulars. Besides, it is not so 
irrelevant as you suppose to tdk of vegetables in 
their dead state, since we cannot analyse them 
without destroying life ; and it is only by hasten- 
ing to submit them to examination, immediately 
after they have ceased to live, that we can antici- 
pate their natural decomposition. There are two 
kinds of analysis of which vegetables are suscep- 
tible: first, that which separates them into their 
unmediate materials, — sucii as sap, resin, mucilage, 
&c.; secondly, that which decomposes them into 
their primitive elements, — as carbon, hydrogen, 
and oxygen. 

EMILY. 

Is there not a third kind of analysis of plants, 
_whieh consists in separating their various parts, — as 
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the stem, tbe leaves, and the several organs of the 
flower ? 

That, my dear, is the department of the botanist; 
!iiid jou must remember that I am not teaching you 
botany, but simply making you acquainted with the 
cliemical composition and products of vegetables; 
we shall, therefore, consider these different parts 
of plants only as ihe organs by which the various 
secretions or sepai'ations are performed; but we 
must first examine the nature of these secretions. 

The sap is the principal material of vegetables, 
since it contains the ingredients that nourish every 
part of llie plant. Tlie basis of this juice, which 
the roots suck up from the soil, is water; thia 
holds in solution the various other ingredients 
i-ecjuired by the several parts of the plant, which 
gradually secreted from the sap by the different 
:gans appropriated to that purpose, as it passes 
in circulating through the plant. 

Mucus, or miicilage, is a vegetable substance 
wliich, like all the others, is secreted from the sapf 
wlien in excess, it exudes from trees in the fona 
\»t'gum. . 

CAROLINE. 

that the gum so Aequently used instead of 
or glue? 

MRS. B. 

(>: almost all fruit-trees yield some sort of 
I but tliat most commonly used in 
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obtained from a species of acacia-tree in Arabia, 
and is called gum arabic : it forms the chief nou- 
rishment of the natives of those parts, who obtain 
it in great quantities from incisions which they 
make in the trees. 

CAROLINE. 

I did not know that gum was eatable. 

MRS. B. 

There is an 'account of a whole ship's company 
being saved from starving by feeding on the cargo, 
which was gum Senegal. But I should not ima- 
gine that it would be either a pleasant or a par- 
ticularly eligible diet to those who have not, from 
their birth, been accustomed to it. It is, however, 
frequently taken medicinally, and considered as very 
nourishing. Several kinds of vegetable acids may 
be obtained, by particular processes, from gum or 
mucilage, the principal of which is called the mu- 
cous acid. 

Sugar is not found in its simple state in plants, 
but is always mixed with gum, sap, or other ingre- 
dients : this saccharine matter is to be met with in 
every vegetable, but abounds most in roots, fruits, 
and particularly in the sugar-cane. 

EMILY. 

If all vegetables contain sugar, why is it ex- 
tracted exclusively from the sugar-cane ? 

MRS. B. 

Because it is both most abundant in that plant, 



f' 



COBfFOSITIOM 

igar, combines with and carries off the colouring 

CAROLINE. 

I am very glad to hear that the blood which is 
used to purify sugar does not remain in it; iti) 
such a disagreeable idea. I liave heard of ;Soiiie 
improvements by the late Mr. Howard in the pro- 
of refining sugar : pray, what are they ? 



It would be niueli too long to give you an ac- 
count of the process in detail. But the principal 
improvement relates to the mode of evaporatmg 
the syrup, in order to bring it to the consistency 
of sugar. Instead of boiling the syrup in a large 
copper, over ,a strong (ire, Mr. Howard carries off 
the water by means of a large air-pump, in a way 
similar to that used in Mr. Leslie's expei'iment for 
freezing water by evaporation ; that is, the syrup 
being exposed to a vacuum, the water evaporates 
quickly, with no greater heat than that of a little 
steam, which is introduced round the boiler. The 
air-pump is of course of large dimensions, and is 
worked by a steam-engine. A great saving is thus 
obtained, and a striking instance afforded of 
power of science in suggesting useful economical 
improvements. 

EMILV. 

, And pray liow are sugar-candy and barley-sugar 
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MRS. B. 

Candied sugar is nothing more than the regular 
crystals, obtained by slow ev^oration from a so- 
lution of sugar. Barley-sugar is sugar melted by 
heat, and afterwards cooled in moulds of a spiral 
form. 

Sugar may be decomposed by a red heat, and, 
like all other vegetable substances, resolved into 
carbonic acid and hydrogen. The formation and 
the decomposition of sugar afford many very in- 
teresting particulars, which we shall fully examine, 
after having gone through the other materials of 
vegetables. We shall find that there is reason to 
suppose that sugar is not, like the other materials, 
secreted from the sap by appropriate organs ; but 
that it is formed by a peculiar process, with which 
you are not yet acquainted. 

CAROLINE. 

Pray, is not honey of the same nature as sugar ? 

MRS. B. 

Honey is a mixture of saccharine matter and 
gum. 

EMILY. 

I thought that honey was in some measure an 
animal substance, as it is prepared by the bees. 

MRS. B. 

It is rather collected by them from flowers, and 
conveyed to their storehouses, the hives. It is 
the wax only that undergoes a real alteration in 
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e body of the bee, and is thence couverted into 
sn animal substance. 

Manna is another kind of sugar, which is united 
with a nauseous extractive matter, to which it owe) 
its peculiar taste and colour. It exudes like gum 
from various trees in hot climates, some of which 
have their leaves glazed by it. 

The next of the vegetable materials \s JeaM: 
this is the general name given to the farinaceotu 
substance contained in all seeds, and in some roots, 
as the potatoe, parsnip, &c. It b intended by 
nature for the first aliment of the young vegeta- 
ble ; but that of one particular grain is become a 
favourite and most common food of a large part of 
mankind. 

EMILY. 

You allude, I suppose, to bread, which is made 
of wheat-flour. 



Yes. The fecula of wheat contains also another 
v^;etable substance, which seems peculiar to diit 
seed, or at least has not as yet been obtained from 
any other. This is gluten, which is of a stichy, 
ropy, elastic nature; and it is owing to the viscous 

alities of this substance that wheat-flour forms a 
uich better paste than any other. 

EMILY. 

Sluteu, by your description, must be very like 
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Tbey are both of a sticky nature ; but gluten is 
essentially diiferent from gum in other points; and 
especially in its being insoluble in water, whilst 
gum, you know, very easily melts. 

The oils contained in vegetables consist of hydro- 
gen and carbon, combined in various proportions. 

EMILY. 

And I think you said that animal oils were also 
formed of the same ingredients ? 



The essential constituent parts of either vegeW 
able or animal oils are the same; their variety 
arises from the different proportions of hydrogen 
and carbon, and from other accessory ingredients 
which may be mixed with them. The oil of a 
whale, and the oil of roses, are, in their essential 
constituent parts, the same ; but the one is im- 
pregnated with the offensive particles of animal 
matter, the other with the delicate perfume of a 
flower. 

The difference of jfoerf oils and volatile or essen- 
tial oils consists also in the -various proportions of 
carbon and hydrogen. Fixed oils are those which 
mil not evaporate without being decomposed ; this 
is the case with all common oils which conmin a 
greater proportion of carbon than the essential oils. 
The essential oils (which comprehend the whole 
I of essences and perfumes) are lighter; they 
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nutlAin more equal pi-c^xH-iions of cartxni Mid 
ttjilrti^ii) and art vol&diku] or evaporated with- 
\>ut t>eiuf{ (locum posed. 

EMILV. 

When you say that one kind of oil will evB- 
poTuie, kih) the other be decomposed, yoa mean, I 
sup|x>i>ei by the application of heat? 

MRS. B. 

Not u«ce8Sfttily ; tor there are oils that will eva- 
porate slowly at the curuiimi temperature of the 
atmosphere; but tor a more rapid volatUisatioDi 
or for their decomposition, the assistance of beatii 
required. 

In fixed oil the carbon preponderates, and tM 
heat produces a decom^rasition ; while in Kseotial 

s the proportion of hydrogen is greater, and heat 

roduces ft volatilisation only. 

EMlLV. 

1 suppose the reason why oil burns so we\l in 
Umps is owing to its two constituents being » 
mbustible ? 

MRS. B. 

Certainly; the combustion of oil is perfectly 
similar to that of a candle ; if tallow, it is only oil 
hi a concrete state; if wax, or spermaceti, its chlflf 
chemical ingredients are still hydrogen and carbon. 

EMILY. 

I wonder, then, there should be so great a diE- 
Mence between tallow and wax ? 
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MRS. B. 

I must again repeat, that the same substances, 
in different proportions, produce results which have 
sometimes scarcely any resemblance to each other. 
But this is rather a general remark that I wish to 
impress upon your minds, than one which is ap- 
plicable to the present case; for tallow and wax 
are far from being very dissimilar ; the chief dif- 
ference consists in the wax being a purer compound 
of carbon and hydrogen than the tallow, which 
retains more of the gross particles of animal mat- 
ter. The combustion of a candle, and that of a 
lamp, both produce water and carbonic acid gas. 
Can you tell me how these are formed ? 

EMILY. 

Let me reflect .... Both the candle and lamp 
burn by means of fixed oil — this is decomposed as 
the combustion goes on ; and the constituent parts 
of the oil being thus separated, the carbon unites 
with a portion of oxygen from the atmosphere to 
form carbonic acid gas, whilst the hydrogen com- 
bines with another portion of oxygen, and forms 
with it water. — The products, therefore, of the 
combustion of oils, whether animal or vegetable, 
are water and carbonic acid gas. 

CAROLINE. 

But we see neither water nor carbonic acid pro- 
duced by the combustion of a candle. 
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Ifrith regard to the necessity of tntnmiiig lamps 
applies also to tallow candles, whicli so often require 

snufiitig- 

I believe it does; at ieast, in some degree. But 
besides the circumstance just explained, the com- 
mon sorts of oils are not very highly combustible, 
so that the heat produced by a candle, which is b 
coarse kind of animal oil, being insufficient to volit- 
tilise them completely, a quantity of soot is gra- 
dually deposited on the ■wick, which dims the light, 
and retards the combustion. 



CAROLINE. 

[ Wax candles, then, contain no incombustible 
Ktter, since they do not require snuffing ? 



I 

^^^r- Mas, B. 

^^^^> Wax is a much better combustible than tallov, 
^^■^t still not perfectly so, since it likewise contains 
some particles that are unfit for burning; bdt 
when these gather round the wick {which in await 
light is comparatively small), they weigh it down on 
one side, and fall off together with the burnt pait 
of the wick. _ 

t CAROLINE. 

As oils are such good combustibles, I wondei 
it they should require so gieat an elevation of" 
nperature before they begin to burn 
Thouj 



MRS. B. 

I Though fixed oils will not enter into actual. 
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combustion below the temperature of about four 
hundred degrees, yet they will slowly absorb oxy- 
gen at the common temperature of the atmosphere. 
Hence arises a variety of changes in oils which 
modify their properties and uses in the arts. 

If oil simply absorbs, and combines with oxy- 
gen, it thickens and changes to a kind of wax. 
This change is observed to take place on the ex- 
ternal parts of certain vegetables even during 
their life. But it happens in many instances that 
the oil does not retain all the oxygen which it at- 
tracts, but that part of it combines with, or burns, 
the hydrogen of the oil : thus forming a quantity of 
water, which gradually goes off by evaporation. 
In this case the alteration of the oil consists not 
only in the addition of a certain quantity of oxy- 
gen, but in the diminution of the hydrogen. 
These oils are distinguished by the name of drying 
oils. Linseed, poppy, and nut oils, are of this 
description. 

EMILY. 

I am well acquainted with drying oils, as I con- 
tinually use them in painting. But I do not un- 
derstand why the acquisition of oxygen on one 
hand, and a loss of hydrogen on the other, should 
render them drying. 

MRS. B. 

This may arise from two reasons: either from 
the oxygen which is added being less favourable 
to the state of fluidity than the hydrogen which is 

VOL. II. I 
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subtracted; or from the additional (quantity of 
oxygen giving rise Co new combinations, ia con> 
sequence of which the most fluid parts of the dl 
are liberated and volatilised. 

For tlie purpose of painting, the drying qualtQi 
of oil is further increased by adding a quantity of 
oxide of lead to it, by which means it is more is- 
lidly oxygenated. 

The rancidity of oils is likewise owing to tbw. 
•oxygenation. In this case a new order of attrac- 
tion takes place, from which a peculiar acid b 
formed, called the sebacic acid. 

CAROLINE. 

Since the nature and composition of oil is so 
hwell known, pray coukl not oil be actually made 

■ by combining its principles? 

■ 

MRS. B. 

That is by no means a necessary consequence; 

■ there are innumerable varieties of conipouod 
lodies which we can decompose, although we are 
unable to re-unite their ingredients. This, how- 
ever, is not the case with oil : as it has very lately 
been discovered that it is possible to form oil, by a- 
peculiar process, from the action of oxygenated. 
muriatic acid gas on hydro- carbonate. 

We now pass to the volatile or essettlial oils. 
These form the basis of all the vegetable perfumes, 
and are contained, more or less, in every part of 
the plant excepting the seed; they are, at leasts 
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never found in that part of the seed in which the 
enibryo plant is situated. 

EMILY. 

The smell of flowers, then, proceeds from vola- 
tile oil? 

MRS* S* 

Certainly; but this oil is often most abundant 
in the rind of fruits, as in oranges, lemons, &c., 
from which it may be extracted by the slightest 
pressure : it is found also in the leaves of plants, 
and even in the wood. 

• * CAROLINE. 

Is it not very plentiful in the leaves of mint and 
of thyme, and all the sweet-smelling herbs ? 

MRS. B. 

Yes, remarkably so; and in geranium leaves 
9I50, which have a much more powerful odour than 
the flowers. 

The perfume of sandal fans is an instance of its 
(^istence in wood. In short, all vegetable odours 
or perfumes are produced by the evaporation of 
particles of these volatile oils. 

EMILY. 

They are, I suppose, very light, and of very thin 
consistence, since they are so volatile ? 

MRS. B. 

They vary very much in this respect, some of 
them being as thick as butter, whilst others are as 

. 1 2 
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fluid as wnter. In order to be prepared for pe^ 
■fiimes, or essences, these oils are first propaly 
puriiied, and then either distilled with spirit di 

I wine, as is the case with lavender-water, or simply 
mixed with a large proportion of watei', as is often 
done with regard to peppermint Frequently, 
also, these odoriferous waters ai-e prepared merdy 
by soaking the ])Iants in water, and distilling. 
The water then comes over impregnated with the 
volatile oil. 
CAROLINE. 
Such waters are frequently used to take spots of 
grease out of cloth or silk: — how do they produce 
that effect? 
MRS. B. 
By combining with the substance that forniB 
these stains: for volatile oils, and likewise the 
spirit in which they are distilled, will dissolve 
wax, tallow, spermaceti, and resins: if, therefore, 
the spot proceeds from any of these substance^ it. 
will remove it. Insects of every kind have a gre^: 
aversion to perfumes, so that volatile oils are em- 
ployed with success iu museums for the preservation 
of stuffed birds and other species of animals. 



Pray, does not the powerful smell of camphor 
I proceed from a volatile oil ? 

MRS. B. 

• seems to be a substance of its own 
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kind, remarkable by many peculiarities. But if 
not exactly of the same nature as volatile oil, it is 
at least very analogous to it. It is obtained chiefly 
from the camphor-tree, a species of laurel which 
grows in China and in the Indian isles, from the stem 
and roots of which it is extracted. Small quantities 
have also been distilled from thyme, sage, and other 
aromatic plants ; and it is deposited in pretty large 
quantities by some volatile oils after long standing. 
It is extremely volatile and inflammable. It is 
insoluble in water,, but is soluble in alcohol and 
in oils ; in which state, as well as in its solid form, 
it is frequently applied to medicinal purposes. 
Amongst the peculiar properties of camphor, 
there is one too singular to be passed over in 
silence. If you take a small piece of camphor, 
and place it on the surface of a basin of pure 
water, it will immediately begin to move round 
and round with great rapidity ; but if you pour 
into the basin a single drop of any odoriferous 
fluid, it will instantly put a stop to this motion. 
You can at any time try so very simple an experi- 
ment; but you must not expect that I shall be 
able to account for the phenomenon, as nothing 
satisfactoiy has yet been advanced for its ex- 
planation. 

CAROLINE. 

It is very singular, indeed ; and I will certainly 
make the experiment Pray what are resins^ which 
you just now mentioned ? 

I 3 
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They are volatile oils, which have been acted oil, 
juid peculiarly modified, by oxygen. 

caholine. 
They are, therefore, oxygenated volatile oils? 

MRS. B. 

Not exactly : for the process does not appear to 
' insist so much in the oxygenation of the oil, as 
the combustion of a portion of its hydrogen, and a 
small portion of its carbon. For when resins 
artificially made by the combination of volatile oils 
with oxygen, the vessel in which the process is 
performed is bedewed with water, and the air in- 
cluded within is loaded with carbonic acid. 



This process must be, in some respects, similar 
to that for preparing drying oils ? 

MRS. B. 

Yes; and it is by this operation that both of 
them acquire a greater degree of consistence. 
Pitch, tar, and turpentine, are the most coaimoa 
resins : they exude from the pine and fir t 
Copal, mastic, and frankincense, are also of ^ili 



class of vegetable substances. 



Is it of these resins that the mastic and copbl 
' varnishes, so much used in painting, are made? 





Yes, Dissolved either in oil, or in alcohol, re- 
sins form varnishes. From these solutions they 
may be precipitated by water, in which they are 
insoluble. This I can easily show you. — If you 
will pour some water into this glass of mastic 
varnish, it will combine with the alcohol in which 
the resin is dissolved, and the latter will be pre- 
cipitated in the form of a white cloud. 

EMILT. 

It is so. And yet hov^ is it that pictures or 
drawings, varnished with this solution, may safely 
be washed with water ? 



As the varnish dries, the alcohol evaporates, 
and the dry varnish or resin which remains, not 
being soluble in water, will not be acted on by it. 

There is a class of compound resins, called gum 
resins, which are precisely what their name denotes, 
that is to say, resins combined with mucilage. 
Myrrh and assafcetida are of this description. 

CAROLINE. 

Is it possible that a substance of so disagreeabli 
flmell as assafcetida can be formed from a volatile oil? 

■ MRS, B. 
The odour of volatile oils is by no means always 
grateful. Onions and garlic derive their smell from 
..volatile oils, as well as roses and lavender. 
I 4 
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There is still another form under which volal 
oils present themselves, which is that of balsams. 
These consist of resinous juices, combined with a 
peculiar acid, called the benzoic acid. Balsams 
appear to have been originally volatile oils, the 
oxygenation of which has converted one j5art into 
a resin, and the other piyt into an acid, vhich, 
combined together, form a balsam : such are the 
balsams of Peru, Tolu, &c. 

We shall now take leave of the oils and their 
various modifications, and proceed to the next ve- 
getable substance, which is caoutchouc. This is a 
white milky glutinous fluid, which acquires con- 
sistence, and blackens in drying, in which state it 
forms the substance with which yoii are so 
acquainted under the name of gum-elastic. 

CAROLINE. 

I am surprised to hear that gum-elastic was 
white, or ever fluid. And from what vegetable is 

it procured? 

MRS. B. 

It is obained from two or three different species 
of trees, in the East liitlies and South America, 
by making incisions in the stem. The juice is 
collected as it trickles from these incisions, and 
moulds of clay, in the form of little bottles of 
gum-elastic, are dipped into it, A layer of this 
juice adheres to the clay, and dries on it; and 
several layers are successively added by repeating 
^ * Is operation till the bottle is of sufficient thickness. 
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It is then beaten to break down the clay, which is 
easily shaken out. The natives of the countries 
where this substance is produced sometimes make 
shoes and boots of it by a similar process ; and 
they are said to be extremely pleasant and ser- 
viceable, both from their elasticity, and their being 
water-proof. In civilised countries we employ it 
for similar purposes, but in a much more com- 
modious manner. It dissolves in, and forms a 
sort of varnish, which excludes both air and water 
from any texture on which it is laid. It is applicable^ 
therefore, to balloons, to keep them air-tight, and. 
to shoes, boots, great coats, or any other apparel, 
to render them water-pr^of. 

The substance which comes next in our enume- 
ration of the immediate ingredients of vegetables 
is extractive matter. This is a term which, in '-^ . 
general sense, may be applied to any substance 
extracted from vegetables; but it is more parti- 
cularly Understood to relate to the extractive 
colourz?ig matter of plants. A great variety of 
colours are prepared from the vegetable kingdom, 
both for the purposes of painting and of dyeing; 
all the colours called lakes are of this description ; 
but they are less durable than mineral colours, for 
by long exposure to the atmosphere, they either 
darken or turn yellow. 

EMILY. 

I know that, in painting, the lakes are reckoned 

I 5 
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I &r less durable colours than the ochres ; but what 
is the reason of it ? 

MRS. B. 

The change which takes place in vegetable co- 
lours is owing, chiefly, to the oxygen of the atmo- 
sphere slowly burning their hydi'ogen, and leaving, 

some measure, the blackness of the carbon e»- 
iposed. Such change cannot take place in ochl^ 
which is altogether a niineral substance. 

Vegetable colours have a stronger affini^ for ' 

imal than for vegeta:ble sabstances; and this is 
supposed to be owing to a small quantity of nitro- 
gen, which they contain. Thus, silk and worsted 
will take a much flner vegetable dye than linen and 
cotton. 

r CAROLINE. 

I Dyeing, then, is quite a chemical process? 

MRS. B. 

Undoubtedly. The condition required to form 
a good dye is, that the colouring matter should be 
precipitated, or fixed, on the substance to be 
dyed, and should form a compound not soluble in 
the liquids to which it will probably be exposed. 
Thus, for instance, printed or dyed linens or COl- 
5 must be able to resist the aclioii of soap aild 
er, to which they must necessnrily be subject in 
■ mg; and woollens and silks should withstand 
1 of grease and acids, to which they may 
mtally be exposed. 




CAROLINE. 

But if linen and cotton have not a suffident 
affinity for colouring matter, how are they made to 
resist the action of washing, wliicli they alway; 
when they are well printed ? 



'S.^^ 



When the substance to be dyed has either no 
affinity for the colouring matter, or not sufficient 
power to retain it, the combination is effected, or 
strengthened, by the intervention of a third sub- 
stance, called a mordant, or basis. The mordant 
must have a strong affinity both for the colouring 
matter and the substance to be dyed, by which 
means it caases them to combine and adhere to- 
gether. 

CAROLINE. 

And what are the substances that perform 
ihe office of thus reconciling the two adverse 
perties? 

MRS. B. 

The most common mordant is sulphate of alu- 
tnine, or alum. Oxides of tin and iron, in the 
state of compound salts, are likewise used for that 
purpose. 

Tannin is another vegetable ingredient of great 
importance in the arts. It is obtained chiefly from 
the bark of trees; but it is found also in nut-galls, 
and in some other vegetables. 
I 6 
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EMILY. 

Is that the substancG commonly called tan, " 
IS used in hot-houses ? 

MRS. B. 

Tan is the prepared bark in which the peculiar 
substance, tannin, is contained. But the nse of 
tan in hot-houses is of much less importance than 
in the operation of tanning, by which skin is con- 
verted into leather. 

EMILY. 

Pray, how is this operation performed ? 

MRS. B. 

Various methods are employed for this pur* 
pose, which all consist in exposing skin to the 
action of tannin, or of substances containing this 
principle in sufficient quantities, and disposed to 
yield it to the skin. The most usual way is to 
infuse coarsely-powdered oak-bark in water, and 
to keep the skin immersed in this infusion for 8 
certain length of time. During this procesS] 
which is slow and gradual, the skin is found to 
have increased in weight, and to have acquired s 
considerable tenacity and impermeability to water. 
Tliis effect may be mucli accelerated by using 
strong saturations of the tanning principle (which 
can be exti'acted from bark), instead of employ- 
ing the bark itself. But this (juick mode of pre- 
paration does not appear to make equally good 
leather. 



^^ leather. 
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Tannin is contained in a great variety of 
astringent vegetable substances, as galls, the rose- 
tree, and wine ; but it is nowhere so plentiful as in 
bark. All these substances yield it to water, from 
which it may be precipitated by a solution of 
isinglass, or glue, with which it strongly unites, and 
forms an insoluble compound. Hence its valuable 
property of combining with skin (which consists 
chiefly of glue), and of enabling it to resist the 
action of water. 

EMILY. 

Might we not see that effect by pouring a little 
melted isinglass into a glass of wine, which you 
say contains tannin ? 

MRS. B. 

Yes. I have prepared a solution of isinglass for 
that very purpose. Do you observe the thick 
muddy precipitate ? That is the tannin combined 
with the isinglass. 

CAROLINE. 

This precipitate must then be of the same nature 
as leather ? 

MRS. B. 

It is composed of the same ingredients : but the 
organisation and texture of the skin being wanting, 
it has neither the consistence nor the tenacity of 
leather. 

CAROLINE. 

One might suppose that men who drink large 




Hp" 



[Itantides of red wine &tnnd a chance of 1: 
the coals of their stomachs converted into l< 
since tannin has so strong an affinity for skin? 

MRS. B. 

X is not impossible but that the coats of their 
imachs may be, in some measure, tanned, or 
hardened by the constant use of this liquor; but 
yon must remember that where a number of 
other chemical agents are concerned, and, above 
all, where life exists, no certain chemical inference 
can be drawn. 

I must not dismiss this subject without mention- 
ing a discovery of Mr. Hatchett, which relates to 
it. This gentleman found that a substance very 
similar to tannin, possessing all its leading pro- 
perties, and actually capable of tanning leather, 
may be produced by exposing carbon, or any 
substance containing carbonaceous matter, whether 
vegetable, animal, or mineral, to the action of 
nitric acid, 

CAROLINE. 

L And is not this discovery very likely to be of use 
1^ manufactures ? 

MRS. B. 

t is very doubtful, because tannin, thus ar- 

cially prepared, must probably always be more 

lensive than that which is obtained from bark. 

i the fact is extremely curious, as it affords one 
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of those very rare inslances of chemistry being able 
to imitate the proximate principles of organised 
bodies. 

The iast of the vegetable materials is woody 
Jihre ; it is the hardest part of plants. The chief 
source from which this substance is derived is wood, 
but it is also conliiined, more or less, in every 
solid part of the plant. It forms a kind of skele- 
ton of the part to which it belongs, and retains its 
shape after all the other materials have disap- 
peared. It consists chiefly of carbon, united with 
a small proportion of salts, and the other consti- 
tuents common to all v 



EMILY. 

It is of woody fibre, then, that the cominoa 
charcoal is made? 

MRS. B. 

Yes. Charcoal) as you may recollect, is ob- 
tained from wood, by the separation of all its eva— 
porable parts. 

Before we take leave of the vegetable materials^ 
it will be proper at least to enumerate the several 
vegetable acids which we either have had, or may 
have occasion to mention. I believe I formerly 
tdd you that their basis, or radical, was uniformly 
composed of hydrogen and carbon, and that thei'' 
difference consisted only in the various proportions 
of oxygen whicli they contained. 




^^F?8i COMPOSITION V 


^H The following are 


the names of the principal 


^H Vegetable acids : — 




^H The Mucous acid. 


obtained from gum or mu- 




cilage; 


^^B Suberic . . . 


from cork; 


^^^1 Camphoric . . 


from camphor; 


^^ft Benzoic . . . 


from balsams; 


^^Br Gallic .... 


from galls, bark, &c.; 


^B Malic .... 


from ripe fruits ; 


^m Citric .... 


from leraon juice ; 


^K Ovalic . . . 


from sorrel; 


^H Sttccinic . . . 


from amber; 


^^^L Tartaric 


from tartrate of potash ; 


^H Moroxalic . . 


from white mulberries ; 


^H So/^/c . . . 


from the juice of a species of 


^^B* 


boletus; 


^H Kimc .... 


from Peruvian bark; 


^^V Pyro-tartaric 


from tartaric acid ; 


^^V Pyro-cilric . . 


from citric acid ; 


^^^ Pip-o-malk . . 


from malic acid; 


^^K Acetic .... 


from vinegar. 


^V They ore all decomposable by heat, soluble in 1 


^^m water, and turn vegetable blue colours red. The | 


^^1 camphoric, the succin 


c, the tartaric, and the acetic 1 


^H acids, together with 


the pi/ro-tartaric, the jyro- 1 


^^B nitric, anti the pi/ro-malic acids, which result from 1 


^^Kttie application of heat to other vegetable itcids, are | 


^^B^the products of the 


decomposition of vegetables: 1 


^^B»re shall, therefore, r 


eserve their examination fur a 1 


^^M^^riod. 


^^ 
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The oxalic acidj distilled from sorrel, is the 
highest term of vegetable acidification, being almost 
entirely composed of carbon and oxygen, and con- 
taining only a very small proportion of hydrogen. 
If more oxygen be added to this substance^ it loses 
its vegetable nature, and is resolved into carbonic 
acid and water; therefore, though all the other 
acids may be converted into the oxalic by an addi- 
tion of oxygen, the oxalic itself is not susceptible of 
a further degree of oxygenation; nor can it be 
made, by any chemical process, to return to a state 
of lower acidification. 

To conclude this subject I have only to add a 
few words on the gallic acid. 



CAROLINE. 

Is not this the same acid before mentioned, 
which forms ink, by precipitating sulphate of iron 
from its solution ? 

MRS. B. 

Yes. Though it is usually extracted from galls, 
on account of its being most abundant in that 
vegetable substance, it may also be obtained from 
a great variety of plants. It constitutes what is 
called the astringent principle of vegetables ; it is 
generally combined with tannin ; and you will find 
that an infusion of tea, coffee, bark, red wine, or 
any vegetable substance which contains the astrin- 
gent principle, will make, a black precipitate with a 
solution of sulphate of iron. 
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COSCTOBITION 
CAROLINE. 

But pray what are galls ? 
mus. b. 

They are excrescences which grow on the baA 
of young oaks, and are occasioned by an insect 
which wounds the bark, of trees, and lays its eggs 
in the aperture. The lacerated vessels of the tree 
then discharge their contents, and form an ex- 
crescence, which afforJs a defensive covering for 
these eggs. The insect, when come to life, first 
feeds on this excrescence, and some time after- 
ward eats its way out) as it appears from a hole 
which is formed in all gait-nuts which no longer 
contain an insect. It is in hot climates only that 
strongly astringent gall-nuts are found; those 
which are used for the purpose of making ink are 
brought from Aleppo. 

EMILY. 

But are not the oak apples which grow on the 
leaves of the oak in this country of a similar nature? 

MRS. B. 

Yes ; only they are an inferior species of galls, 
containing less of the astringent principle, and 
therefore less applicable to useful purposes. 



. Are 



vegetable 
uncombined st; 



acids 



r found but in their 



MRS. B. 

I By no means; on the contrary, they i 



quently met with in the state of compound salts t 
these, however, are in general not fully saturated 
with the salifiable bases, so that the acid predomi- 
nates ; and, in this state, they are called acidulous 
salts. Of tliis kind is the salt called crenm of tartar. 

CAROLINE. 

Is not the salt of lemon commonly used to take 
out ink-spots and stains of this nature ? 

MRS. B. 

No ; that salt consists of the oxalic acidj com- 
bined with a little potash. It is found in that state 
in sorrel; and it takes out ink-spots by uniting 
with the iron, and rendering it soluble in water. 

Besides the vegetable materials which we have 
enumerated, a variety of other substances, common 
to the three kingdoms, are found in vegetables; 
such as potash, which was formerly supposed to 
belong exclusively to plants, and was, in conse- 
quence, called the vegetable alkali. 

Dr. Peschier, of Geneva, has discovered that 
potash exists ready formed in the juices of plants, 
and may be obtained by agitating pure magnesia 
with the liquor procured by pressure or decoction 
of any part of the vegetable, except its fruit. 

Peculiar compounds are also met with in various 
plants, which, having many of the properties of 
alkalies, have obtained the name of native vegetable 
alkalies. The plants in which they reside in 
general produce very powerful, and even ptnsoo- 
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' ous effects upon the animal syslem, probably in 
consequence of the operaiion of these peculiar al- 
kaline principles. Thus opium, and other narcotic 
vegetable products, contain a subslance called 
morphia, which was first described by Derosne. 
The nux vomica, which is the fruit of the Sitycktm 
mix vomica, and of the Slnjchnos igtiaf/a, yield a 
principle termed shychnia. From the leaves of the 
deadly nightshade, or Alropa heladomm, is obtained 
another alkaline substance, airopia. Veiatria is, in 

I Mke manner, obt4)ined from the Veralrum album, 
and the Colchicum auiiiimiale, or meadow saflron; 
and hijoscyama from the Hi/oscijamtis niger, or bett- 
bane. All these substances act as powerful narcotkr 
when taken, even in a very small quantity, intotbe 
human body ; and in larger doses are most deadljr 
poisons. There are others which are not delete- 
rious, and are derived from various barks. The 
Peruvian bark affords two of these alkaline sub- 

j stances, cinchonia and quinia ; and the bark of thfr 
'irucea antidi/scnleiica yields brucia.* 

EMILY. 

Is this the quinine which I have Heard is such an 
► improved mode of preparing bark, in cases of ague 
I or fever ? 

* These substances were Ht first distinguished by namet 
"|ie, as Tuoi-p/iine, ttrt/chvifle, &c.; but for the sake 
• oonformity to the nomenclature of other alkalies, their 
% have since received a different 
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MRS. B. 

Yes, it is. The quinine contained in bark appears 
to be the principle which interrupts the recurrence 
of intermitting fever : this is now separated from 
the bark by a chemical process ; and it is no small 
advantage to be able to take any quantity of it, 
without encumbering the stomach with a useless 
load of the fibrous part of the bark. 

It is chiefly from the resemblance which they 
bear to alkalies, in their power of neutralising 
acids, and of forming with them compounds ana- 
logous to other neutral salts, that these vegetable 
principles have been classed among alkalies. They 
have all, however, weaker affinities for acids than 
the ordinary alkalies ; and are destructible, both 
when separate and in combination, at low degrees 
of heat. 

Sulphur, phosphorus, earths, and a variety of 
metallic oxides, are also found in vegetables, but 
only in small quantities. And we meet sometimes 
with neutral salts formed by the combination of 
these ingredients. 
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CONVERSATION XX. 

ON THE DECOMPOSITION OF VEGE' 



CAROLINE. 

Tux account which you have given us, Mrs. B., 
of the materials of vegetables, is doubtless verj 
instructive ; yet it does not completely satisfy my 
curiosity. What I wish particularly to know is, 
how plants obtain the principles from which their 
various materials are formed ; by what means these 
are converted into vegetable matter ; and how liuy 
are connected with the life of the plant. 

MRS. B. 

This implies nothing less than a complete hifr* 
tory of the chemistry and physiology of v^e- 
tation*, the latter of which does not properly 
belong to our province. Still I hope that I shall 
be able, in some measure, to satisly your curiosi^< 
But, in order to render the subject more intel- 
ligible, I niust first malce you acquainted with the 
various changes which vegetables undergo, when 
vital power no longer enables them to resist 
common laws of chemical attraction. 
• See Conversntioni on Vegetable Physiology, 
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The composition of vegetables being more com- 
plicated than that of minerals, the former more 
readily undergo chemical changes than the latter ; 
for the greater the variety of attractions, the more 
easily is the equilibrium destroyed, and a new 
order of combinations introduced. 

EMILY. 

I am surprised that vegetables should be so 
easily susceptible of decomposition; for the pre- 
servation of the vegetable kingdom is certainly far 
more important than that of minerals. 

MRS. B. 

It is no doubt with a view to the preservation of 
the v^table kingdom, that nature has rendered 
plants so susceptible of disorganisation. The de- 
composition of the vegetable takes place, you know, 
only after the death of the plant, which, in the 
common course of nature, happens when it has 
yielded fruit and seeds to propagate its species. 
If, instead of thus finishing its career, each plant 
was to retain its form and vegetable state, it would 
become an useless burden to the earth and its 
inhabitants. When vegetables, therefore, cease 
to be productive, they cease to live, and nature 
then begins her process of decomposition, in order 
to resolve them into their chemical constituents, 
hydrogen, carbon, and oxygen ; those simple and 
primitive ingredients, which she keeps in store for 
ail her combinations. 



DKCOSI POS 1 T1 o w 



But since no system of combination 
stroyed, except by the eslablislmient of another 
orcier of all ructions, how can the tiecom position trf 

Rretablex reduce them to their simple elements? 
MRS. B. 
It U a very long process, during which a variety 
of new combinationti are successively established 
and successively destroyed; but in each of these 
changes, the ingredients of vegetable matter tend 
to unite iii a more simple order of compounds, 
lili they are at length brt>ug!it to their elementary 
state, or, at least, to their most simple order rf 
combinations. Thus you will find thai vegetables 
are in the end almost entirely reduced to water 
and carbonic acid ; the hydrogen and carbon divii-^ 
njg the ovjgi 



;en between them, so as to form with 
c these two substances But the vaiiety of inter- 
mediate combmitiona which lake place during Ae 
se\eral stages of the decomposition of vegetables 
presents us with a new set of compounds, well 
worth) of our exammation 

LAltOLlNE 

Is It possible that ^egetables, while putrefying, 
should produce any thing worthy of observation ? 



They are susceptible of undergoing certiiin 
changes before they arrive at the state of putre- 
I, which is the final term of decompoaitiCTli 
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and of these changes we avail ourselves for par- 
ticular and important purposes. But, in order to 
make yon understand this subject, which is of con- 
sideraUe . importance, I must explain it more in 
detaiL 

The decomposition of vegetables is always at- 
tended by a violent internal motion, produced by 
the disunion of one order of particles, and the 
combination of another. This is called ferment- 
ation. There are several periods at which this 
process stops ; so that a state of rest appears to be 
restored, and the new order of compounds fairly 
established. But, unless means be used to secure 
these new combinations in their actual state, their 
duration will be but transient, and a new ferment- 
ation will take place, by which the compound last 
formed will be destroyed; and another, and less 
complex order, will succeed. 

EMILY. 

The fermentations, then, appear to be only the 
successive steps by which a vegetable descends to 
its final dissolution. 

MRS. B. 

Precisely so. Your definition is perfectly correct. 

CAROLINE. 

And how many fermentations, or new arrange- 
ments, does. a vegetable undergo before it is re- 
duced to its simple ingredients? 

¥OL. II. K 




Mns, II. 

Chemists do not exactly agree in this poit^l 
but there are, I think, four distinct fermentations, 
or periods, at which the decomposition of vegetable 
matter stops and changes its course. Every kiod 
of vegetable matter is not, however, equally suscep- 
tible of undergoing all these fermentations. 

There are likewise several circumstances required 
to produce fermentation. Water and a certain 
degree of heat are both essential to this process, 
in order to separate the particles, and by thus 
weakening the force of cohesion, enable the new 
I .chemical affinities to be brought into action. 

CAROLINE. 

In frozen climates, then, how can the spontane* 
[.OQS decomposition of vegetables take place? 

MTIS. B. 

It certainly cannot; and, accordingly, we fit4 
scarcely any vestiges of vegetation where a constant 
E'ffost prevails. 

CAROLINE. 

One would imagine, that, on the contrary, such 
spots would be coveied with vegetables ; for, since 
they cannot be decomposed, their number must 
always increase. 

MRS. B. 

But, my dear, heat and water are quite as esseo' 
•Jal to the tbrmatiou oF vegetables as they are to 
their decomposition. Besides, it is from the dead 
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vegetables, reduced to their elementary principles, 
that the rising generation is supplied with suste- 
nance. No young plant, therefore, can grow, unless 
its predecessors contribute both to its formation 
and support ; and these not only furnish the seed 
from which the new plant springs, but likewise the 
food by which it is nourished. 

CAROLINE. 

Under the torrid zone, therefore, where water is 
never frozen, and the heat is very great, both the 
processes of vegetation and of fermentation must, I 
suppose, be extremely rapid ? 

MRS. B. 

Not so much as you imagine; for in such cli- 
mates great part of the water which is required for 
these processes is in an aeriform state, which is 
scarcely more conducive either to the growth or the 
decomposition of vegetables than that of ice. In 
those latitudes, therefore, it is only in low damp 
situations, sheltered by woods from the sun's rays, 
that the smaller tribes of vegetables can grow and 
thrive during the dry season. Besides, dead vege- 
tables, in such climates, seldom retain water enough 
to produce fermentation, being soon dried up by 
the heat of the sun, which enables them to resist 
that process ; so that it is not till the fall of the 
autumnal rains (which are very violent in the torrid 
zone) that spontaneous fermentation can take place. 

The several fermentations derive their names 

K 2 
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from their principal products. The first !s «&i! 

die saccharine fermentation, because its product 19 
ttigar. 

CAHOLi: 

But sugar, jou have told us, ia feuncl in alt 
vegetables ; it cannot, therefore, be the product rf 
Aeir decomposition. 

MBS. B. 

• It is true that the saccharine fermentation iatii 
confined to the deeomposition of vegetable^ as 

continually takes place during their life; and, ii 
deed, this circumstance has, till lately, prevailed 
it from being considered as one of the fermentations. 
But the process appears so analogous to the other 
fermentations, and the formation of sugar, whether 
in living or dead vegetable matter, is so evidently 
new compound, proceeding from the destruction of 
the previous order of combinations, and essential 
to the subsequent fermentations, that it ia now, I 
believe, generally esteemed the first step, or nece^ 
Gary preliminary, to deconj position, if not an actual 
commencement of that process. 

CAKOLIBE. 

I recollect your hinting to us that sugar wa 

supposed not to be secreted from the sap, in thi 

I same manner as mucilage, fecula, oil, and the other 

^■^ ingredients of vegetabl 



I 



It is rather from these materials, than from the 



Hip itsdl^ tliat sugar iu formed ; and it k developed 
Bt particular periods, as yo«i may observe in fruits^ 
which become sweet in ripening, — sometimes even 
after they have been gathered. Lite, therefore, is 
ttot essential to the formation of sugar; whilst, on 
dhe contrary, mucilage, fecula^ and the other vege- 
table materials which are secreted from the sap by 
appropriate organs, whose pow^ers immediately 
depend on the vital principle, cannot be produced 
bat during the existence of that principle. 

EMILY. 

The ripening of fruits is, then, their first step to 
de$truction, as well as their last towards perfection? 

MRS. B. 

Sxactly. — A process analogous to the saccharine 
fermentation takes place, also, during the cooking of 
ceqctain vegetables. This is the case with parsnips, 
carrots, potatoes, &c., in which sweetness is deve- 
loped by heat and moisture ; and we know that if we 
carry the process a little further, a more complete 
decomposition would ensue. The same process takes 
place also in seeds, previous to their sprouting. 

CAROLINE. 

Mow do you reconcile this to your theory, Mrs. 
B.? Can you suppose that decomposition is the 
necessary precursor of life ? 

MRS. B. 

That is indeed the case. The materials of the seed 
must be decomposed, and the seed disorganised, 

K 3 
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e a plant can sprout from it. A seed, besides 
the embryo pJaiit, contains {as we have already ob- 
served) fecula, oil, and a little mucilage. Thest 
substances are destined for the nourishment of the 
future plant ; but they imdergo some change before 
they can be fit for this function. The seed, when 
buried in the earth, with a certain degree of e 
Hire and of temperature, absorbs water, which 
dilates it, separates ils particles, and introdures a 
new order of attractions, of which sugar is the pro- 
duct. The substance of the seed is thus softened, 
sweetened, and converted into a sort of white miliar 
pulp, fit for the nourisliment of the embryo plant 
The saccharine fernientaliun of seeds is artifi- 
cially produced, for the purpose of making mall, by 
the following process: — A qtiantity of barley is first 
soaked in water for two or three days : the water 
being afterwards drained olf, the grain heats spoa- 
taneously, swells, bursts, sweetens, shows a disposl' 
tion to gerininale, and actually sprouts to the lengUi 
of an inch; when the jirocess is stopped by putting 
it into a kiln, where it is well dried at a gentle heat 
In this state it is crisp and friable, and constitute 
the substance called mall, which is the principal 
ingredient of beer, 

EMILY. 

[ But I hope you will ie!l us how malt is n 
pto beer? 

Mils. B. 

-^st first explain to you the nature of the 
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second fermentation, which is essential to thai 
' cpperation. This is called the viiions JermentatiM 
because its product is 'wine. 

EMILY. 

How very dilFerent the decomposition of vege- 
tables is from what I had imagined ! The products 
of their disorganisation appear almost superior to 
I those which they yield during their state of life and 
perfection. 

i MRS. B. 

' And do you not at the same lime admire the 

beautiful economy of Nature, which, whether she 
creates, or whether she destroys, directs all her 
operations to some useful and benevolent purpose? 
— It appears that the saccharine fermentation is 
extremely favourable, if not absolutely essential, as 
ft previous step to the vinous fermentation ; so that 
if sugar be not developed during the life of the 
plant, the saccharine fermentation must be arti- 
ficially produced before the vinous fermentation 
can take place. This is the case with barley, 
which does not yield any sugar until it be made ' 

into malt ; and in that state only is it susceptible 
of undergoing the vinous fermentation by whic^^^J 
it is converted into beer. ^^^^H 

But if the product of the vinous fermentatioQ | 
is always wine, beer cannot have undergone that 

tfor beer is certainly not wine. I 

. I 
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Chemically speaking, beer aiay be coosi 
as the wine of grain ; for it is the product of &• 
fermentation of malt, just as wine is that of the 
fermentation of grapes, or other fi'uits. 

The consequence of tlie vinous fermentation is 
the decomposition of the saccharine matter, and 
the formation of a spirituous liquor from the con- ' 
stttuents of the sugar. But, in order to promote i 
this fermentation, not only water and a cerlain 
degree of heat are necessary, but also some other 
vegetable ingredients besides the sugar, — as fecula, 
mucilage, acids, salts, extractive matter, &c,; all of . 
which seem to contribute to ihis process, and pve 
to the liquor its peculiar tasie, 

EMJLY. 

It ia, perhaps, for this reason that wine is not ob- 
tained from the fermentation of pure sugar i but 
that fruits are chosen for that purpose, as th^ 
contain not only sugai-, but likewise the other 
vegetable ingredients which promote the vinottfj 
fermentation, and give the peculiar Savour. 
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MRS. B. 

Certainly, And you must observe, also, 
the relative quantity of sugar is not the only cir- 
cumstance to be considered in the choice of v&- 
K^le juices for the formation of wine; otherwise 
sugar-cane would be best adapted for that 
ate> It ia rather the manner and proporttoa 
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I in whicb the sugar is mixed with other vegetable I 
ingredients that influences the production and qua- , 
titles of wine. And it is found that the juice of the 
grftpe not only yields the most considerable pro- 
portion of wine, but that it likewise affords it of the J 
most grateful flavour, | 

EMILY. I 

I have seen a vintage in Switzerland, and I do 
not recollect that heat was applied, or water added, 
to produce the fermentation of the giapes. 

MRS. B. 

The common temperature of the atmosphere in 
the cellars in which the jnice of the grape is fer- 
mented is sufficiently warm for this purpose ; and 
as the juice contains an ample supply of water, 
there is no occasion for any addition of it. But ' 

when fermentation is produced in dry malt, a quan- 
I lity of water must necessarily be added, . 

^^^_ EMILY. ^^^J 

^^^Uod what are piecisely the changes which OCC^^^^H 
^^Bring the vinous fermentation ? ^^^| 

^^H B. ^ 

^^Bjliat sugar is decomposed, and its constituents ; 

P^VB recombined into two new substaiwes; the one I 

• peculiar liquid substance, called alcohol., or spirit 
ef -asine, which remains iu the fluid; the other, 
carbonic acid gas, which escapes during the fer- 
mentation. Wine, therefore, as 1 before observed, 
in a general point of view, may be considered as a 
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uidi of which alcoliol constitutes the essential 
And the varieties of strength and flavour 
the different kinds of wine are to be attributed la 
the dtSerent qualities of the fruits from which they 

s obtained, independently of the sugar. 

CABOLINE. 

I am astonished to hear that so powerful a liquid 
IS spirit of wine should be obtained fiom so mild a 
■itbstaDCe as sngar. 

MRS. B. 

&n you tell me in what the principal difference 
: consists between alcohol and sugar? 

CAROLINE. 

Let me reflect Sugar consists of car- 

'bon, hydrogen, and oxygen. If carbonic acid Iw 
subtracted from it during the foimation of alcohol, 
the latter will contain less carbon and oxygen than 
sugar does; therefore hydrogen must he the 
L prevailing principle of alcohol. 

MBS. B. 

It b exactly so. And this very large proportion 
I of hydrogen accounts for the lightness and com- 
' bnstible property of alcohol, and of spirits in 
, all of which consist of alcohol variously 
^modified. 

EMILY. 

3 can sugar be recomposcd from the combi- 
a of alcohol and carbonic acid ? 
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^^•"Che mists have never been able to succeed in 
r effecting this; but from analoffy I should sup- 
pose such a recom position possible. Let us now 
observe more particularly the phenomena that 
take place during the vinous fermentation. At the 
commencement of this process lieat is evolved, 
and the liquor swells considerably, owing to the 
formation of the carbonic acid, which is disengaged 
in such prodigious quantities as would be fatal to 
any person who should unawares inspire it; an 
accident which has sometimes happened. If the 
fermentation be stopped by putting the liquor 
into barrels before the whole of the carbonic acid 
b evolved, the wine becomes brisk, like Cham- 
pagne, in consequence of the carbonic acid im- 
prisoned in it; and tastes sweet, like cider, owing 
to the sugar not being completely decomposed. 

EMII-V. 

I do not understand why heat should be evolved 
during this operation. For, as there is aconsider- 
able formation of gas, in which a proportionable 
quantity of heat must become insensible, I should 
have imagined that cold, xather than heat, would ■ 
have been produced. ^^^^H 

So it appears on first consideration : but yo^^^^^ 
must recollect that fermentation is a complicated 

E;ss; and chat, during the decompo- 
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^stions and recompositions attending it, a quantilj 
of chemical lieat may be disengaged, sufBcieiU 
both to develope the gas, and to effect an increase 
of temperature. When the fermentation is com- 
pleted, the liquid cools and subsides, the e&r- 
TBScence ceases, and the thick, sweet, sticky jiiia 
gf the fruit is converted into a clear, transparent, 

t.^irituous liquor, called wine. 
EMILY. 

How ninch I regret not having been RO\aaiated 
with the nature of the vinous fermentation when I 
had an opportunity of seeing the process ! 

»»RH. B. 
> You have an easy mode of satisfying youradf i* 
^at respect, by observing the process of brewingi 
which in every essential circumstance is similar to 
that of making wine, and is really a very curious 
chemical operation. 

Although we cannot actually make wine at this 
moment, it will be easy to show you the mode of 
analysing it. This is done by distillation. When 
wine of any kind is submitted to this operation, it 
is found to contain brandy, water, tartar, extrac- 
tive colouring matter, and some vegetable acids. 
I have put a little poit-wine into this alembic of 
glass (Plate XVII. fig. i.), and on placing the 
lamp under it, you will soon see the spirit and 
water successively come over 



or VEOETABLSfl. 906 

EMILY. 

But you do not mention alcohol amongst the 
products of the distillation of wine ; and yet that is 
its most essential ingredient? 

MRS* B* 

The alcohol is contained in the brandy which is 
now coming over, and dropping from the still. 
Brandy is nothing more than a mixture of alcohol 
and water ; and in order to obtain the alcohol pure, 
we must again distil it from brandy. 

CAROLINE. 

I have just taken a drop on my finger : it tastes 
like strong brandy ; but it is without colour, whilst 
brandy is of a deep yellow. 

MRS. B. 

It is not so naturally : in its pure state, brandy 
is colourless, and it obtains the yellow tint you 
observe, by extracting the colouring matter from 
the new oaken casks in which it is kept. When 
it does not acquire the usual tinge in this way, it is 
the custom to colour the brandy used in this 
country artificially, with a little burnt sugar, in 
order to give it the appearance of having been long 
kept* 

CAROLINE. 

And is rum also distilled from wine ? 

MRS. B. 

By no means; it is distilled from the sugar- 
cane, a plant which contains so great a quantity 
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f sugar, that it yields more alcohol than almosC 
any other vegetable. After the juice of the cane 
has been pressed out for making sugar, what stilt 
remains in tlie bruised cane is extracted by water; 
and this watery solution of sugar is ferjnented, and 
produces rum. 

The spirituous liquor called arrack is in a similiir 
inner distilled from the product of the vinous 
^mentation of rice. 

EMILV. 

f But rice has no sweetness : does it contain any 

T? 

MRS. B. 

w Like barley and most other seeds, it is insipd 
Intll it has undergone the saccharine ferment- 
~ation; and this, you njust recollect, is always a 
previous step to the vinous fermentation in those 
vegetables in which sugar is not already formed. 
Brandy may in the same manner be obtained from 
(alt. 

CAROLINE, 

You mean from beer, I suppose: for the mall 
must have previously undergone the vinous fer- 
mentation. 

At lis. B. 

Beer is not precisely the product of tlie vinous 
lentation of malt. For hops are a necessary 
ingredient for the formation of that liquor ; whilst 
brandy is distilled from pure fermented malt. But 
brandy might, no donbt, be distilled from 
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well as from any other liquor that has undergone 
the vinous fermentation; for, since the basis of 
brandy is alcohol, it may be obtained from any 
liquid which contains that spirituous substance. 

EMILY. 

And, pray, from what vegetable is the favourite 
spirit of the lower orders of people — gin, ex- 
tracted ? 

MRS. B. 

The spirit (which is the same in all fermented 
liquors) may be obtained from any kind of grain ; 
but the peculiar flavour which distinguishes gin 
is that of juniper berries, which are distilled toge- 
ther with the grain. 

I think the brandv contained in the wine which 
we are distilling must, by this time, be all come 
over. Yes — taste the liquor that is now dropping 
from the alembic 

CAROLINE. 

It is perfectly insipid, like water. 

MRS. B. 

It is water, which, as I was telling yon, is the 
second product of wine, and comes over after all 
the spirit, which is the lightest part, is distilled. — 
The tartar and extractive colouring matter we shall 
find in a solid form at the bottom of the alembic. 

EMILY. 

They look very like the lees of wine. 
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And in many respects they are oF a Btmiloh ' 
nature) for lees orwine consist chiefly of tartrate of 
pot4ish ; a salt which exists in the juice of the 
gr^e, and in many other vegetables, and is de- 
veloped only by the vinous fermentation. During 
this operation it is precipitated, and deposits itself 
on the internal surface of the cask in which the 
wine is contained. It is much used in medicine, 
and in various arts, particularly dyeing, under the 
na.me of cream of la7lar,- and it is from this salt that 
the tartaric acid is obtained. 

CAROLINE. 

f But the medicinal cream of tartar is in appear' 
Moe quite different from these dark-coloured dr^; 
it is pjerfectly colourless. 

MRS. B. 

Because it consists of the pure salt only, in its 
crystallised form; whilst in the instance before 
«s it is mixed with the deep-coloured extractive 
matter, and other foreign ingredients. 

EMILY. 

l*ray, cannot we now obtain pure alcohol from 
^w brandy which we have distilled? 

MRSi. B. 

W« might; but the jjrocess would be tedious: 
Rw. *« order to obtain alcohol perfectly free from 
^fMCiS ft is necessary to distil, or, as the distillars ■ 

L I 



call it, redifyi h several times. Toa must, there- 
fore, allow me to produce a bottle of alcohol which 
has been thus purified. This is a very important 
ingredient, which has many striking properties, 
besides its forming the basis of all spirituous 
liquors. 

EMILY. 

It is alcohol, I suppose, that produces intoxica- 
tion? 

MRS. B. 

Certainly: but the stimulus and momentary 
energy it gives to the system, and the intoxication 
it occasions when taken in excess, are circumstances 
not yet well accounted for. Some very interesting 
experiments, however, have been recently made at 
Paris, in which it has been ascertained that alcohol 
affects only one individual portion of the brain, 
whose particular function it is to enable the body 
to maintain its equilibrium. So that if that part of 
the brain be taken away, — an experiment which 
was made on some small animals, — they reel and 
stagger, but do not appear otherwise to suffer. 

CAROLINE. 

That is very curious : I thought that spirits pro- 
duced these effects by increasing the rapidity of the 
circulation of the blood ; for drinking wine or 
spirits, I have heard, always quickens the pulse. ' 

MRS. B. 

No doubt: the spirit, by stimulating the nerves. 
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increases the action of the muscles; and the heart, 
which is one of the strongest muscular organs, 
beats with augmented vigour, and propels the 
Uood with accelerated quickness. After such a 
iDg excitation, the frame naturally suffers a pro- 
tional degree of depression ; so that a state of 
debility and languor is the invariable consequence 
of intoxication. But though these circumstances 
are well ascertained, they are far from explaining 
^rtiy alcohol should produce such effects. 



Liqueurs are the only kinds of spirits which I 
think pleasant. Pray, of what do they consist ? 



L 

^Bthi 

^^M MItS. 

^H They are composed of alcohol, sweetened with 
^^m syrup, and flavoured with volatile oil. 
^V The different kinds of odoriferous spirituous 
waters are likewise solutions of volatile oil in al- 
cohol; as lavender water, eau de Cologne, &c. 

The chemical properties of alcohol are importanl 
and numerous. It is one of the most powerfBl 
chemical agents, and is particularly useful in dis- 
solving a variety of substances which are soluble 
*iieither by water nor heat. 
EMILY. 
We have seen it dissolve cojjal and mastic to 
'orni varnishes ; and these resins are certainly not 
soluble in water, since water precipitates tfaem 
-Ji^ni their solution in alcohol. 
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MRS. B. 

I am happy to find that you recollect these cir- 
cumstances so well. The same experiment affords 
also an instance of another property of alcohol — 
its tendency to unite with water ; for the resin is 
precipitated in consequence of losing the alcohol, 
which abandons it from its preference for water. 
It is attended also, as you may recollect, with the 
same peculiar circumstance, of a disengagement of 
heat and consequent diminution of bulk, which we 
have supposed to be produced by a mechanical 
penetration of particles by which latent heat is 
forced out. 

Alcohol unites thus readily not only with resins 
and with water, but with oils and balsams: these 
compounds form the extensive class of elixirs, 
tinctures, quintessences, &c. 

EMILY. 

I suppose that alcohol must be highly combus- 
tible, since it contains so large a proportion of 
hydrogen ? 

MRS. B. 

Extremely so ; and it will burn at a very mo- 
derate temperature. 

CAROLINE. 

I have often seen both brandy and spirit of wine 
burnt; they produce a great deal of flame, but 
not a proportional quantity of heat, and no smoke 
whatever. 




MRS. B. 

The Ust drcuiitstance arises from their cbm- 
bustion being complete; and the dispi-oportion 

^^ptireen the flame and heat shows you that these 

^^^B by no means synonymous. 

^^KThe great quantity of flame proceeds from ibe 

^^oinbustion of the hydrogen, to which, you know, 
that manner of burning is peculiar,-:- Have yoH 
not remarked ako ihat brandy and alcohol will 
burn without a wick? — They take fire at so low 
a temperature, that this assistance is not required 
to concentrate the heat and volatilise the fluid. 

^^H hav 

^^^The rapidity of the combustion of alcohol may, 
however, be prodigiously increased by first vo- 
latilising it. An ingeniuus instrument has been 
constructed on this principle to answer the pur- 
pose of a blowpipe, which may be used for melting 
glass, or other chemical purposes. It consists of 
a small metallic vessel (Plate XVII. fig. 2.) of a 
spherical shape, which contains the alcohol, and U 
heated by the lamp beneath it : as soon as the at 
cohol is volatilised, it passes through the spout of 
the vessel, and issues just above the wick of the 
lamp, which immediately sets fire to the stream of 
lOur, as I shall show you. 



CAROLINE. 

[ have sometimes seen brandy burnt by merely 
Uig it in a spoon. 
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BMILY. 

}^ith what amazing violence it burns ! The 
flame of alcohol, in the state of vapour^ is, I fancy, 
much hotter than when the spirit is merely burnt 
in a ^>oon? 

MRS. B. 

Yes; because in this way the combustion goes 
<m more rapidly, and the heat is proportionally in- 
creased. — Observe its effect on this small glass 
tube, the middle of which I present to the extremity 
c^tbe flame, where. the heat is greatest. 

CAROLINE. 

The glass, in that spot, is become red-hot, and 
bends from its own weight 

MRS. B. 

I have now drawn it asunder, and am going to 
blow a ball at one of the heated ends : but I must 
previously close it up, and flatten it with this little 
metallic instrument, otherwise the breath would 
pass through the tube without dilating any part 
of it. — Now, Caroline, will you blow strongly into 
die tube whilst the closed end is red-hot ? 

EMILY. 

You blew too hard ; for the ball suddenly dilated 
to a great size, and then burst in pieces. 

MRS. B. 

You will be more expert another time ; but I 
must caution you, should you ever use this blow- 
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to be very careful that the combustion of 
the alcohol does not go on with too great vio- 
lence, for I have seen the flame sometimes dact 
out with such force as to reach the opposite wall 
of the room, and set the paper on fire. There is, 
however, no danger of the vessel bursting, as it 
is provided with a safety tube, which affords an 
additional vent for the vapour of alcohol when 
required. 

The products of the combustion of alcohol con- 
sist, in a great proportion of water, and a Email 
quantity of carbonic acid. There is no smoke or 
fixed remains whatever. — How do you account for 
that, Emily ? 

EMILY. 

I suppose that the oxygen which the alcohol nlv 
sorbs in burning converts its hydrogen into water, 
and its carbon into carbonic acid gas, and thus it 
is completely consumed. 



Very well. — Eiher, the lightest of all fluids, and 
with which you are well acquainted, is obtained 
from olcohol, of which it forma the lightest and 
most volatile part. 

EMILY. 

Ether, then, is to alcohol what alcohol is to 
brandy ? 

MRS. B. 

L No : there is an essential difference. In order 
kobtain alcohol irom brandy, you need only £ 
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piive the latter of its water ; but for the formation 
of ether, the alcohol must be decomposed, and one 
of its constituent partly subtracted. I leave you 
to guess which of them it is. 

EMILY. 

It cannot be hydrogen, as ether is more volatile 
than alcohol, and hydrogen is the lightest of all its 
ingredients: nor do I suppose that it can be 
oxygen, as alcohol contains so small a proportion 
of that principle; it is, therefore, most probably, 
carbon, a diminution of which would not fail to 
render the new compound more volatile. 

MRS. B. 

You are perfectly right. The formation of ether 
consists simply in subtracting from the alcohol a 
certain proportion of carbon : this is effected by the 
dction of the sulphuric, nitric, or muriatic acids, 
on alcohol. The acid and carbon remain at the 
bottom of the vessel, whilst the decarbonised alco- 
hol flies off iij the form of a condensable vapour, 
which is ether. 

Ether is the most inflammable of all fluids, and 
bums at so low a temperature, that the heat evolved 
during its combustion is more than is required for 
its support ; so that a quantity of ether is volatilised, 
which takes fire, and gradually increases the vio- 
lence of the combustion. 

Sir Humphry Davy discovered a very singular 
fact respecting the vapours of alcohol and ether. If 
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B few drops of ether be poured into a wine-glassi 
and a fine platina wire, heated almost to redness, 
be held suspended in the glass, close to the surface 
of the ether, the wire soon becomes intensely red- 
hot, and remains so for any length of time. W( 
may easily try the experiment . . . 

CAHOLINE. 

How very curions ! The wire is almost white* 
bot, and a, pungent smell rises from die glsss^ 
Pray, how is this accounted for? 

MRS. B. 

It is owing to a very peculiar property of the 
vapour of ether, and indeed of many other combus- 
tible gaseous bodies. At a certain temperature 
lower than that of ignition, these vapours undergo 
a slow and imperfect combustion, uhich does not 
give rise, in any sensible degi'ee, to the phenomena 
of light and flame, and yet extricates a quantity of 
caloric sufl^cient to re-act upon the wire and maki 
it red-hot; and the wire iu its turn keeps up the 
effect as long as the emission of vapour continues. 

This singular effect, which is also produced by 
alcohol, may be rendered more striking, and tept 
np for an inilefinite length of time, by rolling a fcw 
coils of platina wire, of the diameter of from about 
l-60tb to l-70th of an inch, round the wick of a 
spirit-lamp. If this lamp be lighted for a moment 
and blown out again, the wire, after ceasing 
for an instant to be luminous, becomes red-hot 
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again, though the lamp be extinguished, and re- 
mains glowing vividly till the whole of the spirit 
contained in the lamp has been evaporated and 
consumed in this peculiar manner. 

CAROLINE. 

That is extremely curious. But why should not 
an iron or silver wire produce the same eflFect ? 

MRS. B. 

Because both iron and silver being much better 
conductors of heat than platina, the heat is carried 
off too fast by those metals to allow the accumu- 
lation of caloric necessary to produce the effect in 
question. 

Ether is so light, that it evaporates at the com- 
mon temperature of the atmosphere; it is there- 
fore necessary to keep it confined by a well-ground 
glass stopper. No degree of cold known has ever 
frozen pure alcohol or ether. 

CAROLINE. 

Is not ether often taken medicinally ? 

MRS. B. 

Yes ; it is one of the most effectual antispasmo- 
dic medicines, and the quickness of its effects, as 
such, probably depends on its being instantly con- 
verted into vapour by the heat of the stomach, 
through the intervention of which it acts on the 
nervous system. But the frequent use of ether, 
like that of spirituous liquors, becomes prejudicial; 

VOL. II. L 
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^^H end, if taken to excess, it produces effects similar 
^^H fio those of intoxication. 

^^H We may now take our leave of the vinous het 
^^^K mentation, of which I hope you have acquired ■ 
^^^B|«lear idea; as well as of the several product* 
^^^Vldenved from it. 

^^^B CAROLINE. 

Though this process appears, at first sight, » 
complicated, it may, I think, be summed up in ft 
few words, as it consists in the conversion of sugar 
and fermentable bodies into alcohol and carbonic 
acid, which give rise both to the formation of wine 
^H and of all kinds of spirituous liquors. 

^^K MRS. 

^^r We shall now proceed to the acetous fermeni- 

I atian, which is thus called because it converts wine 

into vinegar by the formation of the acetous acid, 

which is the basis or radical of vinegar. 

I CAROLINE, 

But is not the acidifying principle of the acetoii»- 
acid the same as that of other acids — oxygen ? 
MRS. B. 
Certainly : and on that account the eontasti 
I air is essential to this fermentation, as it alForda U|t 

necessary supply of oxygen. Vinegar, in order W- 
^^ obtain pure acetous acid from it, must be distilled 
^^L and rectified by certain processes. 

^^H But pray, Mk^. B.,. is not the acetous acid fre* 
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pently formed without this fermentation taking 
place ? Is it not, for instance, contained in acid 
frnits, and in every substance that becomes sour ? 

IffRS. B. 

No, not in fruits ; you confound it with the citric, 
the malic, the oxalic, and other vegetable acids, to 
which living vegetables owe their acidity. But 
whenever a vegetable substance turns sour, after it 
has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in which 
the substance advances a step towards its final 
decomposition. 

Amongst the various instances of acetous fer-* 
mentation, that of bread is usually classed. 

CAROLINE. 

But the fermentation of bread is produced by 
yeast; — how does that effect it ? 

MRS. B. 

It is found by experience that any substance 
which has already undergone a fermentation, will 
readily excite it in one that is susceptible of that 
process. If, for instance, you mix a little vinegar 
with wine, which is intended to be acidified, it will 
absorb oxygen more rapidly^ and the process be 
completed much sooner, than if left to ferment 
spontaneously. Thus yeast, which is a product of 
the fermentation of beer, is used to excite and ac- 
celerate the fermentation of malt, which is to be 

L 2 
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\^ converted into beer, as well as that of paste, wlncli 
is to be made Into bread. 

CAROLINE. 

But if bread undergoes the acetous fermentation, 
I why is it not sour ? 

MRS. B. 

It acquires a certain savour which corrects tite 
heavy insipidity of flour, and may be reckoned 
first degree of acidification, for if the process were 
carried further, the bread would become deddedly 
acid. 

It has. Indeed, been lately discovered, that 
considerablequantity of alcohol is produced during 
the baking of bread ; and a manufacture is now 
establishing in London, in which an ounce of pure 
alcohol is expected to he procured from the baking 
of every quartern loaf. 

EMILT. 

The fermentation of bread seems then to be mtn 
nearly allied to the vinous than to the acetous ler> 

mentation ? 

AIRS. B. 

If the alcohol were formed during the fermeoli 
ation of the paste, it certainly would; but it i 
yet ascertained whether it results from the fen 
ation, or is produced during the process of bakmg 
It has, however, been found that bread from whici 
tiie alcohol has been extracted keeps fresh loagefi 
and is less liable to become sour, than when baket 
^ in the ordinary way. 
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The pidrid fermentation is the final operation of 
Nature, and her last step towards reducing orga"n- 
ised bodies to their simplest combinations. All 
vegetables spontaneously undergo this fermentation 
after death, provided there be a sufficient degree 
of heat and moisture, together with access of air; 
for it is w^ll known that dead plants may be pre- 
served by drying, or by the total exclusion of air. 

CAROLINE. 

But do dead plants undergo the other ferment- 
ation previous to this last ; or do they immediately 
suffer the putrid fermentation ? 

MRS. B. 

That depends on a variety of circumstances; such 
as the degrees of temperature and of moisture, the 
nature of the plant itself, &c. But if you were 
carefully to follow and examine the decomposition 
ci plants from their death to their final dissolution, 
yoQ would generally find a sweetness developed in 
the seeds, and a spirituous flavour in the fruits 
(which have undergone the saccharine ferment- 
ation), previous to the total disorganisation and 
separation of the parts. 

EMILY. 

I have sometimes remarked a kind of spirituous 
taste in fruits which were over-ripe, especially 
oranges, and this was just before they became 
rotten. 

L 3 
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It was then the vinous fermentationj 
succeeded the saccharine ; and had yq 
these changes atlentively, you would prd 
found the spirituous taste followed by tSi 
vious to the fruit passing to the state of p^ 

When the leaves fall from the trees \ 
they do not {if tliere is no great moisfl 
atmosphere) immediately undergo a deed 
but are first dried and withered ; as soot 
as the rain sets in, fermentation commi 
gaseous products are imperceptibly ei 
the atmosphere, and their fixed rei 
with their kindred earth. 

Wood, Tvhen exposed to moisture, 
goes the putrid fermentation and becoi 

EMILY. j 

But I have heard that the dn/ rot, «| 
liable to desti'oy the beams of houses, i^ 
by a current of air ; and \et you said U 
essential to the putrid fermentation ? " 



True; but it must not be in such a pq 
the moisture as to dissolve the latter; 4 
generally the case when the rotting of wi 
vented or stopped by the free access of' 
disease commonly called dry rot, howevt 
true process of putrefaction. It is supp< 
pend on a peculiar kind of vegetation, 
*peding on the wood, gradually destroys 
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Straw and all other kinds of vegetable mi 
undergo the putrid fermenlalion more rapidly w 
mixed with animal matter. Much heat is evolvt 
during this process, and a variety of volatile j 
ducts are disengaged, — as carbonic acid and by- ~ 
drogen gas, the latter of which is frequently either 
sulphurated or phosphorated. When all these 
.gases have been evolved, the fixed products, con- 
sisting of carbon, small quantities of salts, pobasb, 
&C-, form a kind of vegetable earth, which makes 
very fine manure, as it is composed of those ele- 
ments which form the immediate materials of plants. 

CAROL IN E. 

Pray are not vegetables sometimes preserved 
from decomposition by petrification ? I have seen 
very curious specimens of petrified vegetables; in 
which slate they perfectly preserve tlieir form and 
organisation, though in appearance they are ti-ans- 
ifisruied to stone. 

MRS. B. 

Tliat is a kind of metamorphosis, which, now 
that you are tolerably well versed in the history of 
mineral and vegetable substances:, I leave to your 
judgment to explain. Do you imagine that ve- 
getables can be converted into stone? 

EMILY. 

No, certainly ; but they might, perhaps, be 
dianged to a substance in appearance resembling 
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It is not so, however, with the substances'^ 
are called petrified vegetables ; for these are really^ 
stone, and generally of the hardest kind, consisting 
chiefly of siles. Tiie case is this : — When a ve- 
getable is buried under water, or in wet earth, it 
is slowly and gradually decomposed. As each 
successive particle of the vegetable is destroyed, its 
place is supplied by a particle of siliceous earA, 
conveyed thither by the water. In the course of 
time Jthe vegetable is entirely destroyed, but the 
silex has completely I'eplaced it, having assumed 
id apparent texture, as if the v 
ilf were changed to stone. 



I 



CAROLINE. 

That is very curious ! and I suppose thai 
animal substances are of the same nati 






Precisely. It is equally impossible for either 
animal or vegetable substances to be transformed 10 
stone. They may be reduced, as we find they are, 
by decomposition, to their constituent elements, but 
cannot be changed to elements which do not enter 
into their composition. 

There are, however, circumstances which fre- 
quently prevent the regular and final decomposi- 
tion of vegetables : as, for instance, when they are 
buried either in the sea, or in the earth, where tbey 
«fUUiot undergo the putrid fermentation fiw,« 
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of air. In these cases they are subject to a pecu- 
liar change, by which they are converted into a 
new class of compounds, called bitumens. 

CAROLINE. 

These are substances I never heard of before. 

MRS. B. 

You will find, however, that some of them are 
very familiar to you. Bitumens are vegetables so 
far decomposed as to retain no organic appear- 
ance; but their origin is easily detected by their 
oily nature, their combustibility, the products of 
their analysis, and the impressions of the forms of 
leaves, grains, fibres of wood, and even of animals, 
which they frequently bear. 

They are sometimes of an oily liquid consistence, 
as the substance called naphtha^ in which we pre- 
served potassium : this is a fine transparent colour- 
less fluid, which exudes from clays in some parts of 
Persia. But more frequently bitumens are solid ; 
as asphaltum, a smooth, hard, brittle substance* 
which easily melts, and forms, in its liquid state, a 
beautiful dark brown colour for oil painting. Jety 
which is of a still harder texture, is a peculiar 
bitumen, susceptible of so fine a polish, that it is 
used for many ornamental purposes. 

Coal is also a bituminous substance, to the com- 
position of which both the mineral and animal 
kingdoms seem to concur. This most useful mi-' 
neral appears to consist chiefly of vegetable matter 
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nixed with the remains of marine animal 
marine salts, and occasionally containing a quBI 
of sulpburet of iron, commonly called pyrites. 

EMILT. 

It is, I suppose, the earthy, the metallic, and 
le saline parts of coals, which compose the cinders 
or fixed products of their combustion; whilst the 
hydrogen and carbon, which they derive from 
vegetables, constitute their volatile products. 

MRS. B. 

Succin, or T/ellow amber, is a bitumen which the 
ancients called electmm i from whence the word 
electricity is derived, as that substance is peculiarly, 
and was once supposed to be exclusively, electric. 
It is found either deeply buried in the bowels of 
the earth, or floating on the aen, and is considered 
as a resinous body which has been acted on by 
sulphuric acid, its analysis showing that it consists 
of an oil and an acid. The oil is called oil o/" 
amber,- the acid, the succinic, 

EMILY. 

That oil I have sometimes used in painting, as 
it is reckoned to change less than the other kinds 
of oils. 

MRS. B. 

The last class of vegetable substances which have 
changed their nature arejbssil-ivood, peat, and turf. 
These are composed of wood and roots of shrubs, 
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which are partly decomposed by being exposed to 
moisture under ground, and yet, in some measure, 
preserve their form and organic appearance. The 
peat, or black earth of the moors, retains but few 
vestiges of the roots to which it owes its richness 
and combustibility, these substances being in the 
course of time reduced to the state of vegetable 
earth. But in turf the roots of plants are still dis- 
cernible, and it equally answers the purpose of fuel. 
This combustible is used by the poor in heathy 
countries, which supply it abundantly. 

It is too late this morning to enter upon the 
history of vegetation. We shall reserve this sub- 
ject, therefore, for our next interview, when I ex- 
pect that it will furnish us with ample matter for 
another conversation. 
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CONVERSATION XXI. 

HISTORY OF VEGETATION. 



The vegetable kincdom may be considered 
as the link which unites the mineral and aDiiiiELL 
creation into one common chain of being ; for it 
is through the means of vegetation alone that mi- 
neral substances are introduced into the animal 
system ; since, generally speaking, it is from ve- 
getables that all animals ultimately derive their 
sustenance. 

^^L CAROLINE. 

^^^L I do not understand that: the human species 
^^^bibsists as much on animal as on vegetable food; 
^^^■bd there are some carnivorous animals which will 
^^^BBt only animal food. 

^^^L l^st is true; but you do not consider that 

^^|!niose which live on animal food derive their sust^ 

nance equally, though not so immediately, from 

vegetables. The meat which we eat is formed from 

: rfie beibs of the field; and the prey of camivp- 



VEGETATION. 229 

rous animals proceeds, either directly or indirectly, 
from the same source. It is, therefore, through 
this cbunnel that the simple elements become a 
part of the animal frame. We should in vain at- 
tempt to derive nourishment from carbon, hydro- 
gen, and oxygen, either in their separate state, or 
combined in the mineral kingdom ; for it is only 
by being united in the form of vegetable combin- 
ation that they become capable of conveying nou- 
rishment. 

EMILY. 

Vegetation, then, seems to be the method which 
Nature employs to prepare the food of animals ? 

MRS. B. 

That is certainly its principal object. The ve- 
getable creation does not exhibit more wisdom in 
that admirable system of organisation, by which it 
is enabled to answer its own immediate ends of 
preservation, nutrition, and propagation, than in 
its grand and ultimate object of forming those ar- 
rangements and combinations of principles, which 
are so well adapted for the nourishment of animals. 

EMILY. 

But I am very curious to know whence vegetables 
obtain those principles which form their immediate 
materials? 

MRS. B. 

This is a point on which we are yet so much in 
the dark, that I cannot hope fully to satisfy your 
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curiosity ; but what little I know on this sul^ect I 
will endeavour to explain to you. 

The soil, which at 6rst view appears to be liui 
aliment of vegetables, is found, on a closer in- 
vestigation, to be little more than the channel 
through which they receive their nourishment; so 
that it is very possible to rear plants without any 
,rth or soil. 

CAHOLINE. 

Of that we have an instance in the hyacinth and 

other bulbous roots, which will grow and blossom 

beautifully in glasses of water. But I confess I 

should think it would be difficult to rear trees in a 

FWmilar manner. 

i .™.B. 

No doubt it would, as it is the burying of the 
roots in the earth which supports the stem of the 
tree. But this office, besides that of affording a 
vehicle for food, is far the most important part 
which the earthy portion of the soil performs in 
ihe process of vegetation ; for we can discover by 
analysis but an extremely small proportion of earth 
in vegetable compounds. 

CAROLINE. 

But if earths do not afford nourishment, why is 
I it necessary to be so attentive to the preparation of 
^the soil? 

MRS. B. 

' Is order to impart to it those qualities irhicb 
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render it a proper vehicle for the food of the plant. 
Water, with the nutritive particles which it holds 
in solution, forms the chief nourishment of vege- 
tables; if, therefore, the soil be too sandy, it will 
not retain a quantity of water sufficient to supply 
the roots of the plants. If, on the contrary, it 
abound too much with day, the water will lodge 
in such quantities as to threaten a decomposition 
of the roots. Calcareous soils are, upon the whole, 
the most favourable to the growth of plants ; soils 
are therefore usually improved by chalk, which 
you may recollect is a carbonate of lime. Different 
vegetables] however, require different kinds of soils. 
TTlus rice demands a moist retentive soil ; potatoes 
a soft sandy soil; wheat a firm and rich soil. 
Forest-trees grow better in fine sand than in a stiff 
clay ; and a light ferruginous soil is best suited to 
fruit-trees. 

CAROLINE. 

And pray what is the use of manuring the soil? 

MHS. 3. 

Manure consists of all kinds of substances, whe- 
ther of vegetable or animal origin, which have 
undergone the putrid fermentation, and are conse- 
quently decomposed, or nearly so, into their ele- 
mentary principles. And it is requisite that these 
v^etable matters should be in a state of decay, or 
approaching decomposition. The addition of cal- 
careous earth, in the state of chalk or lime, is bene- 
ficial to such soils, as it accelerates tlie dissolution 
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of vegetable bodies. — Now, I ask you, what is &e 
utility of supplying the soil with tliese decompoaej 
Niibstniices ? 

CAROLINE, 

It is, I suppose, in order to furnish vegetables 
with the principles which enter into their compo- 
For manures not only contain carbon, 
ugeii, tuid oxvgen, but by their decompositioa 
if>l^ tlte soil with these principles in their ele- 

HKS. B. 

VofhuJutfuBy ; and it is for this reason that the 
' 'Anest ctrops are produced in fields which were for- 
lueriy covered with woods, because their soil is 
composed of a rich mould, a kiod of vegetable 

f)VHbt which abounds !n those principles. 
I EMILY. 

This accounts for the pleniifulness of the crops 
produced in America, where the country was, but 
a few years since, covered with wood. 

CAROLINE. 

But how is it that animal substances are reckoned, 
to produce the best manure? Does it not appear 
much more natural that the decomposed elements 
«f vegetables should be the most appropriate to the 
'ormation of new vegetables? 

MILS. B. 

he addition of a much greater proportion of 
i^hich constitutes the chie 
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between animal and vegetable matter, renders 
the composition of the former more complicated, 
and, consequently, more favourable to decompo- 
sition. 

Indeed, the use of animal substances is chiefly 
to give the first impulse to the fermentation of the 
vegetable ingredients that enter into the composition 
of manures. The manure of a farm-yard is of 
that description; but there is scarcely any sub- 
stance susceptible of undergoing the putrid fer- 
mentation which will not make good manure. The 
beat produced by the fermentation of manure is 
another circumstance which is extremely favour- 
able to vegetation; yet this heat would be too 
great if the manure were laid on the ground during 
the height of fermentation : it is used in this state 
only for hotbeds, to produce melons, cucumbers, 
and such vegetables as require a very high temper- 
ature. 

CAROLINE. 

A difficulty has just occurred to me which I do 
not know how to remove. Since all organised 
bodies are, in the common course of nature, ulti- 
mately reduced to their elementary state, they 
must necessarily in that state enrich the soil, and 
afford food for vegetation. How is it, then, that 
agriculture, which cannot increase the quantity of 
those elements, can increase the produce of the 
earth so wonderfully as is found to be the case in 
all- cultivated countries ? 
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It is by suffering none of these decaying bodies to 
be dispersed and wasted, but in applying them dul^ 
' to the soil. It is also by a judicious preparatioD of 
the soil, which consists in fitting it either for the 
general purposes of vegetation, or for that of the 
particular seed which is to be sown. Thus, if dx 
soil be too wet, it may be drained; if too loose 
and sandy, it may be rendered more consistent 
and retentive of water by the addition of clay or 
loam ; it may be enriched by chalk, or any kind 
of calcareous earth. On soils thus improved, 
manures wilt act witl^ double edicacy; and il 
attention be paid to spread them on the ground at 
a proper season of the year, to mix them with the 
fioU so that they may be generally diffused through 
it, to destroy the weeds which might appropriate 
these nutritive principles to their own use, to 
move the stones which would impede the growth 
of the plant, &c., we may obtain a produce 
hundredfold more abundant thaai the earth would 
spontaneously supply. 

I EMILY. 

We have a very strifeing instance of this in the 
scanty produce of uncultivated commons, compared 
to the rich crops of meadows which are occasionally 
manured. 

CABOLINE. 

But, Mrs. B., though experience daily proves 
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; advantnge of cultivation, tliere is still a diffi- 
culty which I cannot get over. A certain quantity 
of elementary principles exists in nature, which it 
is not in tlie power of man either to augment or 
diminish. Of these principles you have taught us 
that both the animal and vegetable creation are 
composed. Now the more of them is taken up by 
the vegetable kingdom, the less, it would seem, 
will remain for animals; and, therefore, the more 
populous the earth becomes, the less vegetation it 
will produce. 

MRS. B. 

Your reasoning is very plausible : but experience 
every where contradicts the inference you would 
draw from it ; since we find that the animal and 
vegetable kingdoms, instead of thriving, as you 
would suppose, at each other's expense, always 
increase and multiply together. For you should 
recollect that animals can derive the elements of 
which they are formed only through the medium 
of vegetables. And you must allow that your con- 
clusion would be valid only if every particle of the 
several principles which could possibly be spared 
from other purposes were employed in the animal 
and vegetable creations. Now we have reason to 
believe that a much greater proportion of these 
principles, than is required for such purposes, re- 
mains either in an elementary state, or engaged ia 
a less useful mode of combination in the mineral 
m. Possessed of such immense resourc 




le attnosphere and the waters afford us, for oxy- 
gen, hydrogen, and carbon, so far from being ia 
danger of working up all our simple materials, we 
cannot suppose that we shall ever bring agriculture 
to such a degree of perfection as to require the 
whole of what these resources could supply. 

Nature, however, in thus furnishing us witli an 
inexhaustible stock of raw materials, leaves it in 
some measure to the ingenuity of man to appro- 
priate them to its own purposes. But, like a kind 
parent, she stimulates him to exertion by setting 
the example and pointing out the way. For it is 
the operations of nature that all the improve- 
its of art are founded. The art of agriculture 
loonsists, therefore, in discovering the readiest me- 
diod of obtaining the several principles, either 
from their grand sources, air and water, or from 
the decomposition of organised bodies, and in 
appropriating them in the best manner to the pur- 
poses of vegetation. 

EMILY, 

But, among the sources of nutritive principles^ 
I am surprised that you do not mention the earth 

t Itself, as it contains abundance of coal, which is 
chiefly composed of carbon. 
' MRS, E. 

Though carbon abounds in coal, it cannot, on 
account of its hardness and impermeable texture, 
be immediately subservient to the purposes of ' 
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gelation; and we find, on the contrary, that coal 
districts are generallj' barren. 

EMILY. 

Yet by tlieir combustion carbonic acid is pro- 
duced ; and this, entering into various combinations 
on the surface of the earth, may, perhaps, assist in 
promoting vegetation. 

MRS. B. 

Probably it may in some degree; but at any 
rate the quantity of nourishment which vegetables 
may derive from that source can be but very trifling, 
and must entirely depend on local circumstances. 

CAROLINE. 

Perhaps tlie smoky atmosphere of London is the 
cause of vegetation being so forward and so rich in 
its vicinity? 

MHS. B. 

I rather believe that this circumstance proceeds 
from the very ample supply of manure, assisted, 
perhaps, by the warmth and shelter which the 
town affords. Far from attributing any good to 
the smoky atmosphere of London, I would rather 
anticipate the time when we shall have made such 
progress in the art of managing combustion, that 
every particle of carbon will be consumed, and the 
smoke destroyed at the moment of its production. 
We may then expect to have the satisfaction of 
seeiuc the atmosphere of London as clear as that l 
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of ihe country, — But to return to our 
hope that you are now convinced thai i 
easily experience a deficiency of nutrid 
to fertilise the earth, and that, provided 
induiitrious in applying them to the besi 
by improving the art of agriculture, at 
be assigned to llie fruits wliich we ml 
reap from our labours. 

CAItOLINE. 

; I am perfectly satisfied in that ' 
assure you that I feel, already, 
:sted ill the progress and impi 
agriculture. 

EMILY. 

I have fretjuently thought that the ca 
land was not considered as a concern i 
importance. Manufactures always tahi 
and health and innocence are frequent^ 
to the prospect of a more profitable el 
It has often grieved me to see poor mA 
crowded togellier in close rooms, and 6 
the whole day to the most uniform an« 
employment, instead of being engaged 
nocent and salutary kind of labour, vt 
seems to have assigned to man for tfad 
acquirement of comfort, and for the pr« 
his existence. I am sure that you agfi 



in thinking so, Mrs. B.? 
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I am entirely of your opinion, my dear, in re- 
gard to the importance of agriculture ; but as the 
conveniences of life, which we are all enjoying, are 
not derived merely from the soil, I am far from 
wishing to depreciate manufactures. Besides, as 
the labour of one man is siiflicient to produce food 
for several, those whose industry is not required in 
tillage must do something in return for the food 
which is provided for them. They exchange, con- 
sequently, the accommodations for the necessaries 
of life. Thus the carpenter and the weaver lodge 
and clothe the peasant, who supplies them with their 
daily bread. The greater stock of provisions, 
therefore, which the husbandman produces, the 
greater is the quantity of accommodation which the 
artificer prepares. Such are the happy effects 
which naturally result from civilised society. It 
would be wiser, therefore, to endeavour to improve 
the situation of those who are engaged in manufac- 
tures, than to indulge in vain declamations on the 
hardships to which they are too frequently ex- J 

posed. I 

But we must not yet take our leave of the sub- I 

ject of agriculture; we have prepared the soil, — it 
remains for us now to sow the seed. In this oper- 
ation we must be careful not to bury it too deep in 
the ground, as the access of air is absolutely neces- 
sary to its germination; the earth must, therefore, 
lie loosely and lightly over it, in order that the air 
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The seed Is generally liiviiled iiilo two compart- 
ments, called (ohes, or cotyledons, as is exeoipli- 
fled by this bean. (Plate XVIU. fig. 1.) Thedark- 
Coloured kind of string which divides the lobes is 
called the iodide, as it forms the root of the 
plant j and it is from a contiguous substance, called 
plumula, which is enclosed within the lobes, that 
tile stem arises. The figure and size of the seed 
depend very much upon the cotyledons. Some 
have only one, as wheat, oats, barley, and all 
the grasses ; but most seeds of temperate climates 
have two cotyledons. When the seed is buried in 
the earth, at any temperature above 10 degrees, it 
imbibes water, which soflens and swells the lobes ; 
it tlien absorbs oxygeii, which combines with some 
of its carbon, and is returned in the form of carbonic 
ocid. This loss of carbon increases the compara- 
tive proportion of hydrogen and oxygen in tlie 
seed, and escitea the saccharine fermentation, by 
which the parenchymatous matter is converted 
ioto a kind of sweet emulsion. In this form it is 
carried into the radicle by vessels appropriated to 
that purpose; and in the mean time, the fer- 
Bientnlion having caused the seed to burst, the 
COtyleilons are rent asunder, the radicle strikes 
mto the ground and becomes the root of the plant ; 
and hence the fer'mented liquid is conveyed to 
(he plumula, whose vessels have been previously 
distended by the heat of the fermentation. The 
lula being thus swelled, as it were, by 

II. II. M 



I 






VEGETATION. 

ulsive fluid, mises itself and springs np toftt 
'BurFace of the earth, bearing with it the cotyle-* 
dons, which, as soon as thev come in contact witlt 
tbe air, spread themselves, and are transformed 
into leaves. — If we go into the garden, we sballr 
probably find some seeds In the state whicb I havq 
described. 

EMILY. 

Here are some lupines which are just making 
ittieir appearance above ground. 

WES. B. 

We shall take np several of them to observe 
their different degrees of progress in vegetadfHl.- 
Here is one that has but recently burst its enve- 
lope — do you see the little radicle striking down- 
wards? (Plate XVIir. fig. 2.) In this the plu- 
mula is not yet visible. But here is another iba 
greater state of forwardness — the plumnlB* oj 
stem, has risen out of the ground, and the cotyle-, 
dons are converted into seed-leaves. (Plate XVIH. 
" 1-) 

CAROLINE. 

These leaves are very thick and clumsy, anJ 
,ike the other leaves, which I perceive are just' 
fuming to appear. 



It'is because they retain the remains of the pa- 
inchyma, with which they still continue to noii- 
^Wik the young plant, as it has not yet suEBcIent 
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roots and strength to provide for its sustenance'' 
from the soil. — But in this third lupine (Plate 
XVIII. fig. 4.) the radicle had sunk deep into the 
earth, and sent out Several shoots, each of which 
is furnished with a mouth to suck up nourishment 
from the soil: the function of the original leaves, 
therefore,- being no longer required, they are' gra-* 
dually decaying ; and the plumula is become a 
regular stem, shooting out small branches, and 

spreading its foliage. 

* 

EMILY. 

There seems to be a very striking analogy be- 
tween a seed and an egg : both require an eleva- 
tion of temperature to be brought to life ; both at 
firist supply with aliment the organised being which 
they produced; and as soon as this has attained 
safficient strength to procure its own nourishment, 
the egg-shell breaks, whilst in the pl&nt, the seed- 
leaves fall off. i 

MRS. B. 

There is certainly some resemblance between 
these processes ; and when you become acquainted 
With animal chemistry, yoU will frequently be 
sitruck with its analogy to that of the vegetable' 
kingdom. • 

As soon as the young plant feeds from the soil, 
it requires the assistance of leaves; these are the- 
organs by which it throws off its superabundant* 
fluid: this secretion is much more plentiful in the' 
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vegetable than in the animal creation, and tlie 
great extent of surface of the foliage of plants is 
admirably calcnlated for carrying it on in sufficient 
quantities. This transpired fluid consists of little 
more than water. The sap, by this process, is oon- 
Terted into a liquid of greater consistence, which 
fit to l>e assimilated to its several parts. 

KMILT. 

Vegetation, then, must be essentially injured l^ 
destroying the leaves of the plant? 



Undoubtedly: it not only diminishes the tran- 
spiration, but also the absorption by the roots; for 
the quantity of sap absorbed is always in propor- 
tion to the cjuantity of fluid thrown off by tran- 
spiration. You see, therefore, the necessity that 
a young plant should unfold its leaves as scouts 
it begins to derive its nourishment from the soil; 
and, accordingly, yon will find that those lupines 
which have dropt their seed-leaves, and are no 
longer fed by the parenchyma, have spread their 
foliage, which performs the office just described. 

But I should inform you that this function of 
transpiration seems to be confined to the upper 
surface of the leaves; whilst, on (he contrary, the 
lower surface, which is moie rough and uneven, 
and furnished with a kind of hair or down, is 
destined to absorb moisture, or such other ingre- 
tUents as the plant derives from the atmosphere. 
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As soon as a young plant makes its appearance 
mbove ground, light, as well as air, becomes n&» 
oessaryto its preservation. Light is essential to 
t^developement of the colours, and to the thriving 
^ the plant You may have often observed what 
a predilection vegetables have for the light. If you 
make any plants grow in a room, they all spread 
their leaves, and extend their branches towards the 
irlndows. 

CAROLINE. 

And many plants close up their flowers as soon 
as it is dark. But may not this be owing to the 
tM and dampness of the evening air? 

MRS. B. 

That does not appear to be the case ; for in a 
course of curious experiments, made by Mr. Sene- 
bier of Geneva, on plants which he reared by lamp- 
l^t, he found that the flowers closed their petals 
i^^henever the lamps were extinguished. 

EMILY. 

But, pray, why is air essential to vegetation? 
T^iants do not breathe it like animals. 

MRS. B. 

At least not ia the same manner ; but they cer- 
tilinly derive some principles from the atmosphere, 
and yield others to it. Indeed, it is chiefly owing 
to the action of the atmosphere and the vegetable 
.kingdom on each other that the air continues al- 
ways fit for respiration. But you will understand 
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.this better \vben I have explained the eSEsct of 
Vflter on plants. 

r have said that water forniB the chief Douridl^ 
men! of plants: it is the basis not only of the sa.pt 
but of all the vegetable juices. Water is the ve- 
hicle which carries into the plant the various salts 
and other ingredients required for the formation 
and support of the vegetable system. Nor is this 
all : part of the water itself is decomposed by the 
organs of the plant; the hydrogen becomes a con- 
stituent part of oil, of extract, of colouring matter, 
&c., whilst a portion of the oxygen enters into the 
formation of mucilage, of fecula, of sugar, and of 
vegetable acids. But tiie greater part of the 
'oxygen, proceeding from the decomposition of the 
water, is converted into a gaseous state by the 
caloric disengaged from the hydrogen during its 
condensation in the foi-mation of the vegetable 
materials. In this slate the oxygen is transpired 
by the leaves of plants when exposed to the sun's 
^ays. Thus you find, that the decomposition of 
■water by the organs of the plant is not only fi 
means of supplying it with its chief ingredient, 
hydrogen, but at the same time of replenishing the 
atmosphere with oxygen, — a principle which re- 
quires continual renovation, to make up for the 
great consumption of it, occasioned by the nume- 
rous oxygenations, combustions, and respirations, 
which are constantly taking place on the surface of 
the globe. 
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"EMILY* 

What a striking instance of the harmony of 
jOBture ! 

MRS. B. 

And how admirable the design of Providence, 
who makes every different part of the creation 
thus contribute to the support and renovation of 
4each other ! 

V. But the intercourse of the vegetable and animal 
Jcingdoms, through the medium of the atmosphere, 
extends still further. Animals, in breathing, not 
only consume the oxygen of the air, but load it 
with carbonic acid, which, if accumulated in the 
atmosphere, would, in the course of time, render it 
unfit for respiration. Here the vegetable king- 
ijom again interferes : it attracts and decomposes 
Jlie carbonic acid, retains the carbon for its own 
purposes, and returns the oxygen for ours* 

' CAROLINE* 

How interesting this is 1 I do not know a more 
T)eautiful illustration of the wisdom which is dis- 
played in the laws of nature. 

MRS. B. 

Faint and imperfect as are the ideas which our 
J^ited perceptions enable us to form of Divine 
Wisdom, still they cannot fail to inspire us with 
awe and admiration. What, then, would be ouir 
feelings, were the complete system of nature at 
once displayed before us ! So magnificent a sceno 
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would probably be too great for our limited and 
imperfect comprehension : and it is, no doubt, 
among the wise dispensations of Providence, to 
veil the splendour of a glory with which we should 
be overpowered. But it is well suited to the nature 
of a rational being to explore, step by step, tbe 
works of the creation, to endeavour to conned 
them into harmonious systems; and, in a word, to 
trace, in the cbain of beings, the kindred ties and 

fievolent design which unite its varions 
i secure its preservation, 
'' 



'ord, to 
ties and 

I 



CAROLINE. 

rBut of what nature are the organs of 
Bich are endued with such wonderful pow< 

MBS. B. 

They are so minute, that their structure, as well 
the mode in which they perform their functions, 
generally elude our examination ; but we may con- | 
sider them as so many vessels or apparatus appro 
priated to perform, with the assistance of die prin- 
ciple of life, certain chemical processes, by means 
of which these vegetable compounds are generated 
We may, however, trace the tannin, resins, gun^ 
mucilage, and some other vegetable materials, in 
the organised arrangement of plants, in whicEl 
they form the bark, the wood, the leaves, flowers, 
and seeds. 

The bark is composed of the epidennis, the pa- 
^renchyma, and the cortical layers. .^^1 
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The epidermis is the external covering of the 
fdapt. It is a thin transparent membrane, consist- 
ing of a number of slender fibres, crossing each 
ddier, and forming a kind of net-work. When of 
a white glossy nature, as in several species of trees, 
in the stems of com and of seeds, it is composed 
of a thin coating of siliceous earth, which accounts 
far the strength and hardness of those long and 
dender stems. Sir H. Davy was led to the dis- 
covery of the siliceous nature of the epidermis of 
such plants, by observing the singular phenomenon 
of sparks of fire emitted by the collision of ratan 
canes with which two boys were fighting in a dark 
ioom. On analysing the epidermis of the cane^ 
fae found it to be almost entirely siliceous. 

CAROLINE. 

With iron, then, a cane, I suppose, will strike 
fire very easily ! 

MRS. B. 

I doubt not that it will. In evergreens the 
epidermis is resinous, and in some few plants is 
coated with wax. The i*esin, from its want of 
affinity for water, tends to preserve the plant from 
the destructive effects of violent rains, severe 
dimates, or inclement seasons, to which this spe- 
des of vegetables is peculiarly exposed. 

EMILY. 

Resin must preserve wood just like a varnish, 
as it is the essential ingredient of varnishes ? 

M S 
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, or in bruising a leaf of laurel, a milky juiM 
will ooze out in great abundance. 

HRS. B. 

And it is by making incisions in tlie bark (bA 

pitch, tar, and turpentine are obtained from fir» 

trees. The durability of this species of ■wood b 

chiefly owing to the resinous nature of its peculiar 

■■Dices. The volatile oils have, in a great measure 

■die game preservative etFects, as they defend tin 

' -parts, with which they are connected, from tbe ab- 

tack of insects. This tribe seems to have as great 

an aversion to perfumes, as the human species take 

delight in them. They scarcely ever attack any 

odoriferous parts of plants ; and it is not unctun- 

mon to see every leaf of » tree destroyed by a bligfati 

whilst the blossoms remain untouched. 

Cedar, sandal, and all aromatic woods, are, on 
this account, of great durability. 

I EMILY. 

K But the wood of the oak, wliich is so miub 
^esteemed for its durability, has, I believe 119 
smelL Does it derive this quality from its hard- 
ness alone? 

MBS, B. 

Not entirely, for the chestnut, though constder- 
Uy harder and firmer than the oak, is not so last- 
The durability of tlie oak is, I believe, in a 
t measure owing to its having very little heart- 
, the alburnum preserving its vital fiiiictietis 
r than in other trees. 
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CAROLINE. 

If incisions are made into the alburnum and cor- 
tical layers, may not the ascending and descend- 
ing sap be procured in the same manner as the 
peculiar juice is from the vessels of the paren- 
chyma? 

MRS. B. 

Yes; but in order to obtain specimens of these 
Aoids, in any quantity, the experiment must be 
made in the spring, when the sap circulates with 
tfie greatest energy. For this purpose a small 
bent glass tube should be introduced into the in- 
rasion, through which the sap may flow without 
mixing with any of the other juices of the tree. 
From the wood the sap will flow much more plen- 
tifully than from the bark, as the ascending sap 
is more liquid, more abundant, and more rapid 
in its motion than that which descends; for the 
latter, having been deprived by the operation of 
the leaves of a considerable part of its moisture, 
contains a greater proportion of solid matter, which 
retards it motion. It does not appear that there 
is any excess of descending sap : this process, there- 
fore, seems to be carried on only in proportion to 
the wants of the plant ; and the sap descends no 
further, and in no greater quantity, than is required 
to nourish the several organs. Therefore, though 
the sap rises and descends in the plant, it does not 
appear to undergo a real circulation. 

The last of tiie organs of plants is the^oww, 
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lor blossom, which produces tlie Ji-uits and 
- These may be considered as the ultimate purpose 
1 t>f nature in the vegetable creation. From fruit* 
and seeds animals derive both a plentiful source of 
immediate nourishment) and an ample provision 
for the reproduction of the same means of sub- 
sistence. 

The seed which forms the final product of ma- 
ture plants we have already examined, as consti* 
tuting the first rudiments of future vegetation. 

These are the principal organs of vegetation, by 
means of which the several chemical processes 
ijirhich are carried on during the life of the plant 
Hire performed. 

P EMILY. 

But how are the several principles which enier 
into the composition of vegetables so combined by 
the organs of the plant as to be converted into ve- 
getable matter ? 

Mils. B. 

By chemical processes, no doubt ; but the appa- 
tatus in which they are performed is so extremely 
minute as completely to elude our examination. 
We can form an opinion, therefore, only by the 
result of these operations. The sap is evident^ 
composed of water, absorbed by the roots, and 
holding in solution the various principles which it 
^4erivcs from the soil. From the roots the sa^ 
»nds through the alburnum into the stem, and 
Hice branches out to every extremity of the 
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;plant. Together with the sap circulates a certain 
quantity of carbonic acid, which is gradually dis- 
.engaged from the former by the internal heat of 
•die plant 

CAROLINE. 

What ! have vegetables a peculiar heat, analo- 
gous to animal heat? 

MRS. B. 

'No ; but both wood and bark being bad con- 
ductors of caloric, the interior of the stem of a 
tree receives less heat in summer, and parts with 
less in winter, than unorganised bodies ; in conse- 
qtience of which, vegetable heat is above that of 
uhorganised bodies in winter, and below them in 
BOmmer. The wood of a tree, in its interior, is 
about sixty degrees, when the thermometer is at 
seventy or eighty degrees in the air. And the 
bark, though so much exposed, is seldom below 
forty in winter. 

It is from the sap, after it has been elaborated 
by the leaves, that vegetables derive their nourish- 
ment: in its progress through the plant, from the 
leaves to the roots, it dejfosits, in the several sets 
of vessels with which it communicates, the mate- 
rials on which the growth and nourishment of each 
plant depends. It is thus that the various peculiar 
juices, saccharine, oily, mucous, acid, and colour- 
ing, are formed; as also the more solid parts, 
fecula, woody fibre, tannin, resins, concrete salts; 
in a word, all the immediate materials of vege- 
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tables, as well as the organised parts of 
which latter, besides tVie power of secreting these 
&oni the sap for the general purpose of the pUnt^ 
bave also that of applying them to their own par- 
ilar nourishment. 



But why should the process of vegetation take 
place only at one season of the year, whilst a total 
inaction prevails during the other? 

[ MBS. B. 

' Heat is such an important chemical agent, tliat 
its effect, as such, might perhaps alone account for 
the impulse which the spring gives to vegetatioQ. 
In order to explain the mechanism of that oper- 
eiion, it has been supposed that the warmth of 
the spring dilates the vessels of plants, and pro- 
duces a kind of vacuum, into which the sap (which 
had remained in a state of inaction in the trunk 
during the winter) rises: this is followed by the 
ascent of the sap contained in the roots ; and room' 
is thus made for fresh sa\y, wliich the roots, in tlieir 
turn, pump up from tlie soil. This process goes' 
on till the plant blossoms and bears fruit, which' 
terminates its summer career : but when the cold 
weather sets in, the fibres and vessels contract, 
the leaves wither, and are no longer able to perform 
their office of transpiration; and as this secretion 
stops, the roots cease to absorb sap from the 

I soil. If the plant be an annual, its life then ter- 



mtfiates ; if not, it remains in a state of torpid in«> 
action during the winter; or the only internal 
motion which takes place is that of a small quantity 
of resinous juice, which slowly rises from the stem 
into the branches, and enlarges their buds during 
the winter. 

CAROLINE. 

Yet, in evergreens, vegetation must continue 
throughout the year. 

MRS. B. 

Yes; but in winter it goes on in a very imper- 
fect manner, compared to the vegetation of spring 
md summer. 

We have dwelt much longer on the history of 
v^etable chemistry than I had intended ; but we 
have at length, I think, brought the subject to a 
conclusion. 

CAROLINE. 

I rather wonder that you did not reserve the 
account of the fermentations for the conclusion; 
for the decomposition of vegetables naturally 
follows their death, and can hardly, it seems, be 
introduced with so much propriety at any other 
period. 

MRS. B. 

It is diflficult to determine at what point pre- 
cisely it may be most eligible to enter on the his- 
tory of vegetation ; every part of the subject is 
so closely connected, and forms such an uninter* 
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ipted cliun, ihat it is by no means easy to divide 
Had I begun with the germination of the 
seed, which, at first vi«w, seems to be the most 
proper arrange me at, I could not have explained 
the nature and fermentation of the seed, or 
described the changes which manure must undergOi 
in order lo yield the vegetable elements. To un- 
derstand the nature of germination, it is necessary, 
I think, previously to decompose the parent plan^ 
in order to become acquainted with the materials 
required for that purpose. I hope, therefore, that, 
^ipon second consideration, 3'ou will find that the 
order which I have atlopted, though apparentlf 
less correct, is, in fact, the best calculated for tfrt 
ducidatioa of the subject. 




CONVERSATION XXU. 



ON THE COMPOSITION OF ANIMALS. 



MRS. B. 

e now come to the last branch of chemistry, 
6ich comprehends the most complicated order of 
compound beings. This is the animal creation. 
Tlie history of which cannot but excite the highest 
degree of curiosity and interest, though we often 
fail in attempting to explain the laws by which it is 
governed. 

EMILY. 

But since all animals ultimately derive their 
nourishment from vegetables) the chemistry of this 
order of beings must consist merely in the con- 
version of vegetable into animal matter. 

MRS. B. 

Very true; but the manner in which this is 
«&cted is, in a great measure, concealed from our 
observation. This process is called animalisatioti, 
and is performed by peculiar organs. The differ- 
■eaioa of the animal and vegetalile kingdoms does 
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not, liowever, depend merely on a. difierent ar- 
rangement of combinations. A new principle 
abounds in the animal kingdom, which is but 
rarely and in very small quantities found in v^e- 
lableK; this is nitrogen. There is likewise ifi 
animal substances a greater and more constaot 
proportion of phosphoric acid, and other saUnf 
matters. But these are not essential to the form- 
a^on of animal matter. 

CAROLINE. 

Animal compounds contain, then, four 6ioAv 
mental principles, — oxygen, hydrogen, carboo^n^ 
nitrogen ? 

MUS. B. 

Yes ; and these form the immediate materials rf 
animals, which are gelatine, albumen, aaA^brine. 

Are those all? I am surprised that animals 
should be composed of fewer kinds of materiali 
than vegetables ; for they appear much more com- 
plicated in their organisation. 

MRS. B. 

Their organisation is certainly more perfect and 
intricate, and the ingredients which occasionally 
enter into their composition are more numerous. 
But, notwithstanding the wonderful variety ol>* 
gervable in the texture of the animal organs, we' 
find that the original tompounda, from which ail 
I the varieties of animal matter are derived, may be 



reduced to the three heads just mentioned. Animal 
substances being the most complicated of all natural 
compounds, are most easily susceptible of decom- 
position, as the scale of attractions increases in 
proportion to the number of constituent principles. 
Their analysis is, however, both difficult and im- 
perfect; for as they cannot be examined in their 
living state, and are liable to alteration immediately 
after death, it is probable that, ivhen submitted to 
the investigation of a chemist, they are always more 
or less altered in their combinations and properties 
from what they were whilst they made part of the 
I livii^ animal. 

I EMILY. 

The mere diminution of temperature which they 
«tperience by the privation of animal heat must, 
I should suppose, be sufficient to derange the 
ordei of attractions that existed during life. 



' That is one of the causes, no doubt : but there 
are many other circumstances which prevent us 
from studying the nature of living animal sub- 
stances. We must, therefore, in a considerable 
degree, confine our researches to the phenomenn 
o£ these compounds in their inanimate state. 
These three kinds of animal matter, g 
albumen, and flbrine, form the basis of ail 
various parts of the animal system : either solid, 
the skin, jiesk, nerves, membranes, cartilages, and 
bones.- or fluid, as blood, cht/le, milk, muctts, the 
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merely dissolving the isinglass in boiling water, and 
allowing the solution to congeal. 

EMILY. 

The wine, lemon, and spices, are I suppose, 
added only to flavour the jelly? 

MHS. B. 

Exactly so. 

CAROLINE. 

But jelly ia often made of hartshorn shavings, 
and of calves' feet ; — do these substances contun 
gelatine ? 

MBS. B. 

Yes. Gelatine may be obtained from fllmOEt- 
any animal substance, as it enters more or less into 
the composition of all of them. The process foi 
obtaining it is extremely simple, as it consists roerelj 
in boiling the substance which contains it wHS 
water. The gelatine dissolves in water, and maybe 
obtained of any degree of consistence or strengths 
by evaporating this solution. Bones, in particuUT] 
produce it very plentifully, as they consist of ph< 
phaCe of lime combined or cemented by gelatinQ 
Horns, which are a species of bone, will yieU 
abundance of gelaline. The horns of the hart an 
reckoned to produce gelatine of the finest qualityi 
they are reduced to the state of shavings, in orda 
that the jelly may be more easily extracted by tl 
water. It is of hartshorn shavings that the jelli 
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fot invalids are usually made, as they are of very 
easy digestion. 

CAROLINE. 

It appears singular that hartshorn, which yields 
such a powerful ingredient as ammonia, should at 
the same time produce so mild and insipid a sub- 
stance as jelly ? 

MRS. B. 

And it will increase your surprise to hear that it 
IS from the gelatine of bones that ammonia is pro- 
duced. You must observe, however, that the pro- 
cesses by which these two substances are obtained 
from vbones are very different. By the simple 
action of water and heat the gelatine is separated ; 
but in order to procure the ammonia, or what is 
commonly called hartshorn, the bones must be 
distilled, by which means the gelatine is decom- 
posed, and hydrogen and nitrogen combined in the 
form of ammonia. So that the first operation is a 
mere separation of ingredients, whilst the second 
requires a chemical decomposition. 

CAROLINE. 

But when jelly is made from hartshorn shavings, 
"what becomes of the phosphate of lime which con- 
stitutes the other part of bones ? 

MRS. B. 

It is easily separated by straining. But the jelly 
18 aflerwards more perfectly purified, and rendered 
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transparent, by adding wliite of egg, which belog 
coagulated by heat, rises to the surface along wift 
any impurities. 

EMILY, 

I wonder that bones are not used by the com- 
n people to make jelly ; a great deal of whole- 
some nourishment might, I should suppose, be 
procured from them, though the jelly would per- 
haps not be quite so good as if made from harts- 
ihim sbarings. 

MBS. B. 

Tliere is a prejudice among the poor against a 
■ciesof food which is usually thrown to the doga; 
id as we cannot expect them to enter into che- 
lical considerations, it is in some degree excus- 
able. Besides, in order to dissolve bones and ob- 
tain the gelatine from them, a prodigious qnantity 
of heat is required, Tliis mode has been occa- 
sionally adopted in charitable soup establishment^ 
but it would be too expensive a process for the ftl- 
dividual poor. 

le solution of bones in water is greatly pro- 

ited by an accumulation of heat. This may be 

icted by means of an extremely strong metallic 

called Papin's digester, in which the bones 

water are enclosed, without any possibility of 

steam making its escape. A heat can thus be 

ilied much superior to that of boiling watn; 

bones, by tltis means, are completely redueed 

pulp. But the process still consumes too 

fuel to be adapted to the lower classes. 
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CAROLINE. 

- And why should not a manufacture be esta- 
blished for grinding or macerating bones, or at 
least for reducing them to the state of shavings, — 
when, I suppose, they would dissolve as readily as 
hartshorn shavings? 

MRS. B. 

It would be difficult to collect them clean for 
such a purpose ; but they are not lost, as they are 
used for making hartshorn and sal ammoniac : and 
such is the superior science and industry of this 
country, that we now send sal ammoniac to the 
Levant, though it originally came to us from Egypt. 

EMILY. 

When jelly is made of isinglass, does it leave no 
sediment? 

MRS. B. 

No : nor does it so much as require clarifying, as 
it consists almost entirely of pure gelatine ; and any 
foreign matter which is mixed with it, is thrown off 
di\ring the boiling in the form of scum. — These 
are processes which you may see performed in 
great perfection in the culinary laboratory, by that 
very able and most useful chemist, the cook. 

CAROLINE. 

To what an immense variety of purposes che- 
inistry is subservient ! It appears, in this respect 
to have an advantage over most other arts and 

eciences ; for these, very often, have a tendency to 
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coniine the imagination to their own parUcalar 
object; whilst the pursuit of chemistry i« so ex- 
tensive and diversi6ed, that it inspires a geneni 
curiosity, and a desire of enquiring Into the uatare 
' every object. 

MRS. B. 

You will find that to be the case with all the 
BcieDcea ; knowledge, if liberally pursued, can 
never circumscribe the views, but must always 
tend to enlarge them. 

CAROLINE. 

Well, then, to consider the culinary art in a 
scientific point of view, I suppose that soup, is 
likewise composed of gelatine ; for, when cold, U 
often assumes the consistence of jelly? 

MRS. B. 

Not entirely; for though soups generally con- 
tain a quantity of gelatine, the most essential in- 
gredient is a mucous or extractive matter, a pecu- 
liar animal substance, very soluble in water, which' 
has a strong taste, and is more nourishing than 
gelatine. The various kinds of portable soup con- 
sist of this extractive matter in a dry state, which, 
in order to be made into soup, requires only to be 
dissolved in water. 

Gelatine, in its solid state, is a semiductile trans- 
parent substance, without either taste or smell. — 
When exposed to liea.1, In contact with air and 
water,, it fii-st swells, then fuses, and Enally bums. 
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Yod raay have seen the two first parts of this 
operation performed in the carpenter's glue-pot. 

CAROLINE. 

And the third also ; for glue is very apt to burn, 
if not melted with care. But you said that gela- 
tine bad no smell ; and glue has a very disagree- 
able one. 

MR6. B. 

Glue is not pure gelatine: as it is not designed 
for eating, it is prepared without attending to the 
state of the ingredients, which are more or less 
contaminated by particles that have become putrid. 

Gelatine may be precipitated from its solution 
in water by alcohol. — We shall try this experi- 
ment with a glass of warm jelly. You see that the 
gelatine subsides by the union of the alcohol and 
the water. 

EMILY. 

How is it, then, that jelly is flavoured with wine, 
without producing any precipitation ? 

MRS. B. 

Because the alcohol contained in wine is already 
combined with water and other ingredients, and 
is, therefore, not at liberty to act upon the jelly as 
when in its separate state. Gelatine is soluble 
both in acids and in alkalies: the former, you 
know, are frequently used to season jellies. 

CAROQLINE. 

Among the combinations of gelatine we <nust 
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; forget one which you formerly mentioned,— 
;bat with tannin, to form leather. 

MRS. B. 

True ; but you must observe that leather can 
produced only by gelatine in a menibranous 

te ; for though pur-e gelatine and tanoin will 
produce a substance cbemlcally similar to leather, 
yet the texture of the skin Is requisite to make it 
imswer the useful purposes of that substance. 

The next animal substance we are to examine 
is albumen: this, although constituting a part of 
most of the animal compounds, is frequently found 
insulated in the animal system. The white of egg, 
for instance, consists almost entirely of albumen: 
the substance which composes the nerves, tha 
serum, or white part of the blood, and the curds 
of milk, is little else than albumen variously 
modified. 

In its most simple state, albumen appears in the 
form of a transparent viscous fluid, possessed of no 
distinct taste or smell : it coagulates at the low 
temperature of 165 degrees; and when once soli- 
dified, it will never return to its fluid state. 

Sulphuric acid and alcohol are each of them 
capable of coagulating albumen in the same man- 
ner as heat, as I am going to siiow you. 

EMil.Y, 

Exactly so. — Pray, ^Irs. B., what kind of ac- 
I tion is there between nlbnmen and silver? 1 have 
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sometimes observed that if the spoon with which 
I eat an egg happens to be wetted, it becomes tar- 
nished. 

MRS. B. 

It is because the white of egg (and, indeed, al- 
bumen in general) contains a little sulphur, which, 
at the temperature of an egg just boiled, will de- 
compose the drop of water that wets the spoon, 
and produce sulphureted hydrogen gas, which 
has the property of tarnishing silver. 

We may now proceed iojibrine. — This is an 
insipid and inodorous substance, having somewhat 
the appearance of fine white threads adhering to- 
gether : it is the essential constituent of muscles or 
flesh, in which it is mixed with and softened by 
gelatine. It is insoluble both in water and alco- 
hol, but sulphuric acid converts it into a substance 
very analogous to gelatine. 

These are the essential and general ingredients 
of animal matter ; but there are other substances, 
which, though not peculiar to the animal system, 
usually enter into its composition; such as oils, 
acids, salts, &c. 

Animal oil is the chief constituent of fat : it is 
contained in abundance in the cream of milk, 
whence it is obtained in the form of butter. 

EMILY. 

Animal oil I think you said was siniilar in its 
eomposition to vegetable oil? 

N 4 
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If not exactly the same, it Is, at least, very 
lagous, the constituents of both being hydrogen 
and carbon ; but animal oil contains also nitrogen; 
a principle which seldom enters into the composi- 
tion of vegetable oils, and never in so large a pr»' 
portion. 

There are a few animal acidsj that is to sKf, 
acids peculiar to animal matter, from which tli^ 
are almost exclusively obtained. 

The animal acids have triple bases of hydrogen, 
carbon, and nitrogen. Some of them are found 
native in animal matter; others are produced 
during its decomposition. 

Those which we find ready formed are, — 
^^ The hombic acid, which is obtained from silk- 

^H Thejbrmic acid, from ants, 

^^B The tactic acid, from the whey of milk. 

^^L The caseic acid, from cheese. 

^^L The sebacic, margarilic, and oleic acids, from oil 

^B The cetic acid, from spermaceti. 

^V Those formed during the decomposition of ani- 
mal substances by heat are the p)Tissic and zoimic 
acids. This last is produced by the roasting of 
meat, and gives it a brisk flavour. The class of 
animal acids are not very extensive, nor are they, 
generally speaking, of great importance. The 
iV^uwic acid is, I think, the only one sufficirat^ 
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interesting to require any fiirther comment. It 
ican be formed by 'an artificial process without the 
presence of any animal matter ; and it may like- 
wise be obtained from a variety of vegetables, 
particularly those of the narcotic kind, such as 
poppies, laurel, &c. But it is commonly obtained 
from blood, by strongly heating that substance 
with caustic potash: the alkali attracts the acid 
from the blood, and forms with it a prussiate of 
potash. From this state of combination the prussic 
Acid can be obtained pure by means of other sub- 
stances which have the power of separating it from 
the alkali. 

EMILT. 

But if this acid does not exist ready formed in 
blood, how can the alkali attract it from thence? 

MRS. B. 

It is the triple basis only of this acid that exists 
in the blood ; and this is developed and brought 
to the state of acid during the combustion. The 
acid, therefore, is first formed, and it afterwards 
combines with the potash. 

EMILT. 

l^ow I -comprehend it. And how can. the prus« 
•sic acid be artifioiaUy imade? 

MRS. B« 

By passing ammoniacal gas over red-hot t^har- 
'coal; and hence we learn that the constituents of 
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S acid are hydrogen, nitrogen, and carbon. \ 
I first are derived from the volatile alkd 
* from the combustion of the charcoal. • 

CAROLINE. 

put this does not accord with the syst^ 
l^gen being the principle of acidity. 

MRS. B. 

The colouring matter of Prussian blue is c 
an acid, because it unites with alkalies and metals, 
and not from any other characteristic properties of 
acids : perhaps the name is not strictly appropriate. 
Besides, you must recollect that, since the discovery 
of chlorine and iodine, chemists no longer consider 
oxygen as the exclusive generator of acids. S'tr 
H. Davy, I have already informed you, was led by 
his experiments on dry acids to suspect that water 
might be essential to acidity. And it is the opinion 
of some chemists, that acidity may possibly defend 
rather on the arrangement than on the presence 
of any particular principles. But we have not yet 
done with the prussic acid. It has a strong affinity 
for metallic oxides, and precipitates the solutions 
in acids of a blue colour. This is the 

The basis of prussic nciit has been ascertained by M. 
■Lussac to be a combination of nitrogen and carbon, 
fhich he has called cyanogen. This compOHnd when com- 
binvd with hydrogen forms prussic acid, or, asit is now called, 
[rncyonic add. Pure cyanogen, in the state of gas, mivhe 
tained From prussiate of mercury by distillation. 'jt^l 






Prussian blue, or prussiate of »iron, so much used 
I9 jtbe ai'ts, ^nd with which I thivik you i^ust be 
acquainted* 

EMILY. 

Yes, I am^ k is used in painting, both in oil 
and in water colours ; but it is not reckoned a per- 
manent oil colour. 

MRS. B. 

TMt ddfect lu'ises, I believe, from its being 
badly prepared, which is the case when the iron 
is not so fully oxidated as <to form a red oxide. 
For a solution of green oxide of iron (in which 
the metal is more slightly oxidated) makes only a 
pale green, or even a white precipitate, with prus- 
siate of potash ; and this gradually changes to blue 
t)y being exposed to the air, as I can immediately 
show you. 

CAROLINE. 

It already begins to assume a pale blue colour. 
But how does the air produce this change ? 

MRS. B. 

By oxidating the iron more perfectly. If we 
pour some nitrous acid on it, the blue colour will 
be immediately produc€;d, as the acid will yield its 
oxygen to the precipitate, and fqUy saturate it with 
this principle, as you shall see. 

CAROLIBrE. 

It is very curious to see a colour dbange so In- 
stantaneously. 

N 6 
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Hence you perceive Uiat Prassian blue 

! a permanent colour unless prepared with red 

WCxide of iron ; since by exposure to the atmospbere 

it gradually darkens, and in a short time is no 

longer in harmony with the other colours of tie 

painting. 

CAROLINE. 

But it can never become darker, by exposure to 
Ibe atmosphere, than the true Prussian blue, in 
Pvhich the oxide is perfectly saturated? 

MBS. B. 

, Certainly not. But Ln painting, the artist, not 
Zoning upon partial alterations in his colours, 
"gives his blue tints that particular shade which 
harmonises with the rest of the picture. If, afiei^ 
wards, those tints becocne darker, the harmony of 
the colouring must necessarily be destroyed. 

CAKOLIHE. 

Pray of what nature is the paint called co)^ 
mine? 

MRS. B. 

It is an animal colour prepared from cochineal, 
an insect, the infusion of which produces a very 
beautiful red. 

CABOLINE. 

i Whilst we are on the subject of colours, I should 
e to learn of what ivory black consists ? 
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MRS. B. 

it is a carbonaceous substance obtained by the 
combustion of ivory. A more common species of 
black is obtained from the burning of bone. 

CAROLINE. 

But during the combustion of ivory or bone, 
the carbon, I should have imagined, must be con- 
verted into carbonic acid gas, instead of this black 
substance. 

MRS. B. 

In this, as in most combustions, a considerable 
part of the carbon is simply volatilised by the heat, 
and again obtained concrete on cooling. This 
colour, therefore, may be called the soot produced 
by the burning of ivory or bone. 



CONVERSATION XXIII. 

ON THE ANIMAL ECONOMY. 



I 



Ve have now acquired some idea of the various 
laterials which compuse the animal system ; but ff 
Pjou are curious to know in what manner these sub- 
stances are formed by the animal organs, from 
vegetable, as well as from animal substances, itwiU 
be necessary to have some previous knowledge of 
ihe nature and functions of these organs, withont 
which it is impossible to form any distinct idea of 
the processes oi animalisation and nutrition. 

CAROLINE. 

do not exactly understand the meaning of HM 
word animalisation? 

m:rs. b. 
Animalisation is the process by which the food 
assimilated, that is to say, converted into animal 
matter; and nutrition is that, by which the food, 
thiis assimilated, is rendered subservient to the 
purposes of nourishing and maintaining the animal 
^stem. 

CABOLINE. 

This, 1 am sure, must be the most interesting of 
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all the braaches of chemistry ; particularly as I ^IB^^^H 
pect that we shall hear something of the nature fl^^^| 
respiration, and of the circulation of the blood ? i^^^H 

MBS. B. ^^^H 

These functions undoubtedly occupy a most im- ^ 

portant place in the history of the animal economy. I 

— But I must previously give you a very short ^^^J 

account of the principal organs by which the varioiu^^^^ 

operations of the animal system are performe^^^^H 

These are, — ^^^^M 

The Bones, ^^^^M 

Muscles, ^^^^^ 

K Blood vessels, ^^^^^M 

^V*" Lymphatic vessels, ^^^^H 

V. Glands, and ^^^^| 

Nerves. ^^^^M 

The bones are the most solid part of the animal ^^^| 

frame : they constitute the support of its varioos ^^H 

parts, and in a great measure determine its form ^^1 

and dimensions. You recollect, I suppose, what 

are the ingredients which enter into their compo- A 

^^^^^ 
Yes; phosphate of lime, cemented by gelatine. ^^^^| 

During the earliest period of animal life, the^^^^f 
consist almost entirely of gelatinous membraneS) 
having the form of the bones, but of a loose spongy 
uxtare, somewhat resembling a honey-comb, the 

L 3 
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^lidity, the phosphate of lime which is taken with 
the food is seMom . assimilated, excepting when 
the female nourishes her young ; it is then all se-* 
creted into the milk, as a provision for the tender 
bones of the nursling. 

EMILY. 

So that whatever becomes superfluous to one 
being, is immediately wanted by another ; and the 
child acquires streilgth precisely by the species of 
nourishment which is no longer necessary to the 
mother. Nature is, indeed, an admirable econo- 
mist. 

CAROLINE. 

Pray, Mrs. B., does not the disease in the bones 
of children, called the rickets, proceed from a de- 
ficiency of phosphate of lime ? 

MRS. B. 

, . I have heard that this disease may arise from 
two causes : it is sometimes occasioned by the 
growth of the muscles being too rapid in propor- 
tion to that of the bones. In this case the weight 
of the flesh is greater than the bones can support, 
and presses upon them so as to produce a swell- 
ing of the joints, which is the great indication of 
the rickets. The other cause of this disorder is 
Supposed to be an imperfect digestion and assi- 
milation of the food, attended with an excess of 
acid, which counteracts the formation of phosphate 
0f lime. In both instances, therefore, care should 
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EMILY. 

That will never be my case : for exercise, unless 
it becomes fatigue, always gives me pleasure: 
and, so far from being a task, is to me a source of 
daily enjoyment. I often think what a blessing 
it is, that exercise, which is so conducive to health, 
should be so delightful; whilst fatigue, which is 
rather hurtful, instead of pleasure, occasions pain- 
fill sensations. So that fatigue, no doubt, was in- 
tended to moderate our bodily exertions, as satiety 
puts a limit to our appetites. 

MRS. B. 

Certainly. — But let us not deviate too far from 
our subject. The bones are connected together by 
ligaments, which consist of a white, thick, flexible 
substance, adhering to their extremities, so far as 
to secure the joints firmly, though without im- 
peding their motion. And the joints are moreover 
covered by a solid, smooth, elastic, white substance, 
called cartilage^ the use of which is to allow, by its 
smoothness and elasticity, the bones to slide easily 
over one another, so that the joints may perform 
their office without difficulty or detriment. 

Over the bones the muscles are placed: they 
eposist of bundles of. fibres, which terminate in a 
kind of string, or ligament, by which they are 
fratened to the hones. The muscles are the organs 
of motion : by their power of dilatation and con- 
traction they move the bones, which act as levers, 
in all the motions of the body. The muscles are. 
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various degrees of strengtli or consisted 
ferent species of animals. The mamm 
, or those which suckle their young, i 
espect occupy an intermediate place between bw 
and cold-blooded animals, such as reptiles and 
fishes; their muscles being neither so firm aiwl 
mg as those of the former, nor so fifteen 
^k as those of the latter. 

EivriLy. 
"he different degrees of firmness and s 
I muscles of these several species of animd^ 
, I imagine, from the different nature ( 
i on which they subsist ? 

MRS. fi. 

No, that is not supposed to be the case: for the 
human spedes, who are of the mammiferous tribe, 
live on more substantial food than birds ; and yet 
(he latter exceed them in muscular strength. We 
shall hereafter attempt to account for this diSer- 
; but let us now proceed in the examinatioB 
lie animal functions. 

Xhe next class of organs consists of the vascular 
t'hose function is to convey the various 
pds throughout the frame. These vessels are 
tamei-able. The most considerable of them are I 

a through which the blood circulates : these 
k of two kinds ; the arteties, which convey It 
B the heart to the extremities of the botiy; and, . 
^ vehtSf which bring it back into the heart. ^HH 
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There are also, in the animal frame, numerous 
sets of small transparent vessels, destined to absorb 
and convey different fluids into the blood: they 
are generally called the absorbent or lymphatic 
vessels; but it is to a portion of them only that 
the function of conveying into the blood the fluid 
caUed Itflnph is assigned. 

EMILT. 

Pray, what is the nature of that fluid ? 

MRS. B. 

The nature and use of lymph have, I believe,, 
never been perfectly ascertained ; but it is sup- 
posed to consist of matter which has been pre- 
viously animalised, and which, after answering the 
purpose for which it was intended, must, in regular 
lOtation, make way for the fresh supplies produced 
by nourishment. The lymphatic vessels pump up 
this fluid from every part of the system, and convey 
it into the veins to be mixed with the blood which 
mns through them, and which is commonly called 
venous blood. 

CAROLINE. 

But does it not again enter into the animal sys- 
tem through that channel? 

MRS. B. 

Not entirely ; for the venous blood does not re- 
turn into the circulation until it has undergone a 
peculiar change, in which it throws off whatever is^ 
become useless. 
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EMILY. 

Pray, is not milk very analogous in its compo- 
, sition to blood ; for, since the nursling derives its 
nourishment from that source only, it must con- 
tain every principle which the animal system re- 
quires ? 

MRS* B. 

Very true. Milk is found, by its analysis, to 
contain the principal materials of animal matter, 
albumen, oil, and phosphate of lime ; so that the 
suckling has but little trouble to digest and assimi- 
late this nourishment. But we shall examine the 
composition of milk more fully hereafter. 

In many parts of the body numbers of minute 
vessels are collected together in small bundles, 
called glands^ from a Latin word meaning acom^ on 
fu:count of the resemblance which some of them 
bear in shape to . that fruit. The function of the 
glands is to secrete^ or separate certain matters 
from the blood. 

The secretions are not only mechanical, but 
chemical separations from the blood ; for the sub- 
s^nces thus formed, though contained in the blood, 
are not ready combined in that fluid. The secre- 
tions are of two kinds : those which form peculiar 
animal fluids, as bile, tears, saliva, &c.; and those 
which produce the general materials of the animal 
sjstem, for the purpose of recruiting and nourishing 
die several organs of the body — such as albumen^^ 
gelatine, and fibrine: the latter may be dis-- 
tinguished by the name of mdritive secretions. 
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wind round the vascular system, and even pierce 
ioto the interior of the bones. It is most probably 
through them that the communication is carried 
on between the mind and the other parts of the 
body; but in what manner they are acted on by 
the mind, and made to re-act on the body, is still 
a profound secret. Many hypotheses have been 
formed on this very obscure subject, but they are 
all equcdly improbable; and it would be useless for 
us to waste our time in conjectures on an (enquiry, 
which, in all probability, is beyond the rea<?h of 
human capacity. 

CAROLINE. 

You have not mentioned those particular nerves 
which constitute the senses of hearing, seeing, 
smelling, and tasting? 

MRS. B. 

They are considered as being of the same nature 
as those which are dispersed over every part of 
the body, and give us the general sense of feeling. 
The different sensations which they produce arise 
from their peculiar situation and connection with 
die several organs of taste, smell, and hearing. 

EMILY. 

. Yet these senses appear totally different from 
that of feeling? 

MRS. B. 

.. They are all of them sensations, but variously 
modified, according to the nature of the different 

VOL. II. o 
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organs in which the nerves are situated. For, as 
we have formerly observed, it is by contact only 
that the nerves are affected. Thus odoriferous 
particles must strike upon the nerves of the nose 
in order to excite the sense of smelling, in the 
same manner that taste is produced by the part^ 
cular substance coming in contact with the nerve* 
of the tongue. Tt is thus also that the sensation 
of sound is produced by the concussion of the air 
[ against tlie auditory nerve; and sight is 
BCt of light falling upon the optic nerve- 
various senses, therefore, are affected only 
e actual contact of particles of matter, in the 
r,^^e manner as that of feeling. 

The different organs of the animal body, thoHgh 
I Separated and perfectly distinct, are loosely 
inected together by a kind of spongj' substance) 
; somewhat rcjsembling net-work, called 
e cellular membrane ; and the whole is covered 
C the skin. 
Tie skin, similar to the bark of vegetables, ijt 
med of three coats. The external one is called 
1 cuticle or epidermis; the second, which Is 
1 the mucous memln-ane, is of a thin soft tex- 
ind consists of a mucous substance, which in , 
is black, and is the cause of their skia 
I of that colour. 

CAROLINE. 

Is then the external skin of negroes white lika 
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MRS. B. 

Yes ; but as the cuticle is transparent, as well as 
porous, the blackness of the mucous membrane is 
irisible through it The extremities of the nerves 
ure spread over this membrane, so that the sens- 
ition of feeling is transmitted through the cuticle. 
rhe internal covering of the muscles, which is pro- 
perly the skin, is the thickest, the toughest, and 
most resisting of the whole : it is this membrane 
9Fhlch is so essential in the arts, by forming leather 
when combined with tannin. 

The skin which covers the animal body, as well 
IS those membranes which form the coats of the 
iressels, consist almost exclusively of gelatine ; and 
ire capable of being converted into glue, size, or 

jelly. 

The cavities betw^n the muscles and the skin 
are usually filled with fat, which lodges in the cells 
of the membranous net before mentioned, and gives 
to the external form (especially in the human 
figure) that roundness, smoothness, and softness, so 
essential to beauty. 

EMILY. 

And the skin itself is, I think, a very ornamental 
part of the human frame, both from the fineness of 
its texture, and the variety and delicacy of its 
tints. 

MRS. B. 

This variety and harmonious gradation of co- 
lours proceed, not so much from the skin itself, as 
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in what manner it provides for its support, and how 
the several organs, which form so complete a whole, 
are nourished and maintained. 

This will lead us to a more particular explan- 
ation of the internal organs, which will take up some 
time, and render it expedient for us to defer it till 
our next interview. In the examination of these 
organs we shall not meet with so much apparent 
beauty, because they were not intended by nature 
to be exhibited to view; but the beauty of design 
in the internal organisation of the animal frame is, 
if possible, still more remarkable than that of the 
external parts. 



o 3 



OOXVERSATION XXml 



: ANIMALI6ATJON, UL'TRITION, AMD 
RES FIR An ON. 



MRS. B. ' 

have now learnt of what materials the ani- 
ystem is composed, and have formed some 
of the nature of its organisation. In order 
iplete the subject, it remains for us to exa- 
in what manner it is nourished and sup- 
ited. 

Vegetables, we have observed, receive sust^ 
ice from various substances, either in an elc- 
ntary form or in a very simple state of combin- 
on ; such as carbon, water, and salts, which 
'y pump up from the soil; and carbonic acid 
1 oxygen, which they absorb from the aimo- 
iere. 

'Viiinials, on the contrary, feed on substances of 
most complicated kind : they derive theii- sus- 
•iKe, some from the animal creation, others from 
''^{«table kingdom, and some from both. 

CAROLrNE. 

species of Bnimab, which, atA 
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satisfied with enjoying either kind of food in its 
simple state, has invented the art of combining 
them together in a thousand ways, and of render- 
ing even the mineral kingdom subservient to its 
refinements. 

EMILY. 

Nor is this all ; for our delicacies are collected 
firom the various climates of the earth, so that the 
four quarters of the globe are often obliged to con- 
tribute to the preparation of our simplest dishes. 
. But the very complicated substances which con- 
stitute the nourishment of animals do not, I sup- 
pose, enter into their system in their actual state 
of combination? 

MRS. B. 

So far from it, that they not only undergo a 
new arrangement of their parts, but a selection is 
made of such as ar^ most proper for the nourish- 
ment of the body ; and those only enter into the 
system, and are animalised. 

EMiigy. 
And by what organs is this process performed ? 

MRS. B. 

Chiefly by the stomach, which is the organ of 
digestion, and the prime regulator of the animal 
fi'ame. 

Digestion is the first step toward nutrition. It 
consists in reducing into one homogeneous mass 
the various substances which are taken as nourish- 

o 4 



OB MITTBmOH 



t>y first cfai 
ihe salivai 
;h state it j 



65* 

tnent; it is performed 1 
ibe wli'l aliment with I 
to s so^ mass, in which ! 
ooa^ejed into the stomach, whei 
pl«te1; dissolved by the gastric Jti 
This fluid, which is secreted 1 
by appropriate glands, is so powe 
scarcel; anv substances will resist 

EMILTT. 

The coats of the stomach, h< 
stucked by it, otherwise we sfaq 
of having them destroyed when,' 

MRS. B. 

They are probably not subjed 
loDg, Bt least, as life continues 
that when the gastric juice ha 
stance to act upon, it is capabli 
dcn^e of irritation in the coal 
which produces the sensation 
gastric juice, together with the 
action of the stomach, convei 
an uniform pulpy mass called d 
into the intestines, where it i 
and some other fluids, by the a 
by the operation of other causa 
the chyme is changed into ch] 
somewhat resembl 
ly immense numbers 
k.kpread over the iote 
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testines. These, after many circumvolutions, gra- 
dually meet and unite into large branches, till they 
at length collect the chyle into one vessel, which 
pours its contents into the great vein near the 
heart; by which means the food, thus prepared, 
enters into the circulation. 

CAROLINE. 

And how does the blood, thus formed, nourish 
the body and supply the secretions ? 

MRS. B. 

Before this can be explained to you, you must 
first allow me to complete the formation of the 
blood. The chyle may, indeed, be considered as 
'forming the chief ingredient of blood; but this 
fluid is not perfect until it has passed through the 
lungs, and undergone (together with the blood that 
has already circulated) certain necessary changes 
which are effected by respiration. 

CAROLINE. 

I am very glad that you are going to explain the 
nature of respiration : I have often longed to im- 
derstand it: for though we talk incessantly of 
breathings I never knew precisely what purpose it 
answered. 

MRS. B. 

It is, indeed, one of the most interesting pro- 
cesses imaginable ; but, in order to understand this 
function well, it will be necessary to enter into some 

o 5 
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f ■wevious explanations. Tell* me, Emily, — what 
\Ao you understand by respiration? 

EMILY. 

Respiration, I conceive, consists simply in atter- 
Vsately inspiring air into the lungs, and expiring it 
1 them. 

MRS. B. 

Your answer will do very well as a general de- 
finition. But, in order to form a tolerably dear 
notion of the various phenomena of respiration, 
there are many circumstances to be taken into con- 
sideration. 

In the first place, there arc two things to be dis- 
tinguished in respiration, the mechanical and the 
chemical part of the process. 

The mechanism of breathing depends on the 
alternate expansions and contractions of the chest, 
that large cavity in which the lungs are contained. 
When the chest dilates, this cavity is enlarged, 
and the air rushes in at the mouth, to fill up the 
vacuum formed by the dilatation; when it con- 
tracts, die cavity is diminished, and the ait forced 
out again. 

CAROLINE. 

I thought that it was the lungs which contracted 
and expanded in breathing. 

MBS. B. 

They do also, but their action Is only ilie con- 
sequence of that of the chest. The lungs, together 
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with the heart and largest blood-vessels, in a man- 
ner fill up the cavity of the chest ; these could not, 
therefore, dilate if the chest did not previously 
expand : and, on the other hand, when the chest 
contracts, the lungs are necessarily compressed 
and the air forced out of them. 

CAROLINE. 

The lungs, then, are like bellows, and the chest 
is the power that works them. 

MRS. B. 

Precisely so. Here is a curious little figure 
(Plate XVIII. fig. 5.), which will assist me in 
explaining the mechanism of breathing. 

CAROLINE. 

What a droll figure ! a little head fixed upon 
a glass bell, with a bladder tied over the bottom 
of it! 

MRS. B. 

You must observe that there is another bladder 
within the glass, the neck of which communicates 
with the mouth of the figure — this represents the 
lungs contained within the chest ; the other blad- 
der, which you see is tied loose, represents a mus- 
cular membrane, called the diaphragm^ which 
separates the chest from the lower part of the 
body. By the chest, therefore, I mean that large 
cavity in the upper part of the body contained 
within the ribs, the neck, and the diaphragm : this 
membrane is muscular, and capable of contraction 

o 6 
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■ JWid dilatation. The contraction may be 

by drawing the bladder tight over the bottom 

the receiver, as I can easily do by squeezing it ia 

my hand, when the air Jn the bladder, which 

presents the lungs, will be forced out throu^ 

E mouth of the figure , 

EMILY, 

See, Caroline, how it blows the flame of 4e 
patidle in breathing ! 

MRS. B. 

By letting the bladder loose again, we imitate 
'he dilatation of the diaphragm ; and the cavity of 
9>e chest being thus enlarged, the lungs expand, 
ind the air rushes in to fill them. 

EMILY. 

This figure, I think, gives a very clear idea of 
the process of breathing, 

MKS. S. 

It illustrates tolerably well the action of die 
s and diaphragm ; but those are not the only 
powers concerned in the enlargement or dimian- 
tion of the cavity of the chest : the ribs are also 
possessed of a muscular motion for the same pur- 
pose; they are alternately drawn in, edgeways to 
aijsist the contraction, and stretched out, like the 
-hoops of a barrel, to contribute to the dilatation of 
^G chest. 

EMILY, 

[ I always supposed that the elevation and de- 
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pression of the ribs were the consequence, not the 
cause^ of breathing. 

MRS. B. 

It is exactly the reverse. The muscular action 
of the diaphragm, together with that of the ribs, 
are the causes of the contraction and expansion of 
the chest; and the air rushing into, and being 
expelled from the lungs, are only conseqiiences of 
those actions. 

CAROLINE. 

I confess that I thought the act of breathing 
began by opening the mouth for the air to rush in, 
and that it was the air alone which, by alternately 
rushing in and tout, occasioned the dilatations and 
contractions of the lungs and chest. 

MRS. B. 

Try the experiment of merely opening your 
mouth : the air will not rush in till, by an internal 
muscular action, you produce a vacuum — yes, just 
so : your diaphragm is now dilated, and the ribs 
expanded. But you will not be able to keep them 
long in that situation. Your lungs and chest are ] 
already resuming their former state, and expelling 
the air with which they had just been filled. This 
mechanism goes on more or less rapidly ; but, in 
general, a person at rest and in health will breathe 
between fifteen and twenty-fives times in a minute. 

We may now proceed to the chemical efiects of 
respiration; but, for this purpose^ it is necessary 
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that you should previously Iiave some notion ot 
the circulation of the blood. Tell me, Caroline, 
what do you understand by the circulation of tin 
blood? 



I am delighted that you come to that subject, 
for it is one that has long excited my curiositf, 
But I cannot conceive how it is connected wilh 
respiration. The idea I have of the circulation !% 
that the blood runs from the heart, through lie 
veins, all over the body, and back again to ihe 
heart. 

MHS. B. 

I could hardly have expected a better definition 
from you: it is, however, not quite correct; fot 
you do not distinguish the arteries from the veins, 
which, as we have already observed, are two dis- 
tinct sets of vessels, each having its own peculiai 
functions. The arteries convey the blood from 
the heart to the extremities of the body; and An 
veins bring it back into the heart. 

This sketch will give you an idea of the manner 
in which some of the principal veins and arteries 
of the human body branch out of the heart, which 
may be considered as a common centre to both sets 
of vessels. The heart is a kind of strong elastic 
bag, or muscular cavity, wliich possesses a power 
of dilating and contracting itself, for the purposes 
of alternately receiving and expelling the blood, in 
^der to carry on the process of circulation. 
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EMILY. 

Why are the arteries in this drawing painted 
red, and the veins purple ? 

MRS. B. 

It is to point out the difference of the colour of 
the blood in these two sets of vessels, 

CAROLINE. 

But if it is the same blood which flows from the 
arteries into the veins, how can its colour be 
changed? 

MRS. B. 

This change arises from various circumstances. 
In the first place, during its passage through the 
arteries, the blood undergoes a considerable al- 
teration ; some of its constituent parts being gra- 
dually separated from it, for the purpose of nourish- 
ing the body, and of supplying the various secre- 
tions. In consequence of this, the florid arterial 
colour of the blood changes by degrees to a deep 
purple, which is its constant colour in the veins. 
On the other hand, the blood is recruited during 
its return through the veins by the fresh chyle, or 
imperfect blood, which has been produced by food ; 
and it receives also lymph from the absorbent ves- 
sels, as we have before mentioned. After having 
undergone these several changes, the blood returns 
to the heart in a state very different from that in 
which it left it. It is loaded with a greater propor- 
tion of hydl'ogen and carbon, and is no longer fit 
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for the nourishment of the body, or other purposes 
of circulation. 

EMILY. 

And in this state does it mix in the heart mth 
le pure florid blood which runs into the arteries? 



No. Tiie heart is divided into two cavities or 
compartitions, called the right and left veiitrides. 
The left ventricle is the receptacle for the pure 
arterial blood, previous to its circulation; wh3st 
the venous, or impure blood, which returns to the 
heart after having circulated, is received into the 
right ventricle previous to its purification, which I 
shall presently explain. 

I CAROLINE. 

I own that I always thought the same blood cir- 
culated again and again through the body, without 
undergoing any change. 
P- 
cul 
no 



M»S. B. 

Yet you must have supposed that the blood cir- 
' culflted for some purpose. 

CAIIOLINE. 

I knew that it was indispensable to life; but had 
no idea of its real functions. 



But now that you understand that the blood 
conveys nourishment to every part of the body, 
fljUd supplies the various secretions, you must be 
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sensible that it cannot constantly answer these 
objects without being proportionately renovated and 
purified. 

CAROLINE. 

But does not the chyle answer this purpose ? 

MRS. B« 

Only in part. It renovates the nutritive prin- 
ciples of the blood, but does not relieve it from the 
superabundance of water and carbon with which 
it is encumbered. 

EMILY. 

How, then, is this effected ? 

MRS. B. 

By RESPIRATION. This is one of the grand 
mysteries which modern chemistry has disclosed. 
When the venous blood enters the right ventricle 
of the heart, it contracts by its muscular power, 
and throws the blood through a large vessel into 
the lungs, which are contiguous, and through 
which it circulates by millions of small ramifica- 
tions. Here it comes i^ contact with the air which 
we breathe. The action of the air on the blood 
in the lungs is, indeed, concealed fi'om our imme- 
diate observation ; but we are able to form a toler- 
ably accurate judgment of it from the changes 
which it efiects not only in the blood, but also on 
the air expired. 

The air, after passing through the lungs, is 
found to contain all the nitrogen inspired, but to 
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have lost part of its oxygen, and to have acquire 
a portion of watery vapour and of carbonic add 
gas. Hence it is inferred, that, when the air comei 
in contact with the venous blood in the lungs, ^ 
oxygen attracts from it the superabundant quan- 
tity of carbon with which it has impregnated itself 
during the circulation, and converts it into car- 
bonic acid. This gaseous acid, together with the 
redundant moisture from the lungs *, being then 
expired, the blood is restored to its former purity, 
that is, to the state of arterial blood, and is thus 
again enabled to perform its various functions. 

I CAROLINE. 

r This is truly wonderful ! Of all that we have 
yet learned, I do not recollect any thing t}iat has 
appeared to me so curious and interesting. I al" 
most believe that I should like to study anatomy 
now, though I have hitherto had so disgustiDg an 
idea of it. Pray to whom are we indebted fis 
these beautiful discoveries ? 

[ MRS. B. 

I Priestley and Crawford, in this country, and 
Lavoisier, in France, are the principal inventors 
of the theory of respiration. Of late years the 
subject has been further illustrated and simplified 
by the accurate experiments of Messrs. Allen and 

■ The quanlitj of moisture discharged by the lungi ia 84 
' faoura laay be coinputed ot eight or nine ounces. 
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epys. But the still more important and more 
admirable discovery of the circulation of the blood 
was made long before by our immortal country- 
man Harvey. 

EMILY. 

Indeed I never heard any thing that delighted 
me so much as this theory of respiration. 13ut I 
hope, Mrs. B., that you will enter a little more 
into particulars before you dismiss so interesting a 
subject. "We left the blood in the lungs to under- 
go the salutary change; but how does it thence 
spread to all parts of the body ? 

MRS. B. 

After circulating through the lungs, the blood is 
collected into four large vessels, by which it is con- 
veyed into the left ventricle of the heart; whence it 
b propelled to all the different parts of the body by 
a large artery, which gradually ramifies into millions 
of small arteries through the whole frame. 

From the extremities of these lit^e ramitications 
the blood is transmitted to the veins, which bring 
it back to the heart and lungs, to go round again 
and again in the manner we have just described. 
You see, therefore, that the blood actually under- 
goes two circulations ; the one through the lungs, 
by which it is converted into pure arterial blood ; 
the other, or general circulation, by which nourish- 
ment is conveyed to every part of the body ; and 
these are both equally indispensable to the support 
of animal life. 
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But whence proceeds the carbon with wh& 
: blood is impregnated when it comes into t^e 

:»? 

MRS. B. 

t Carbon exists in a greater proportion in blood 
than in organised animal matter. The blood, 
therefore, after supplying its various secretions, be- 
cpmes loaded with an excess of carbon, which is 
carried off by respiration; and the forrciation of 
new chyle from the food affords a constant supply 
of carbonaceous matter. 

CAttOI-INE. 

I wonder what quantity of carbon may be ex- 
pelled from the blood by respiration in the course 
f 24< hours. 

MRS. B. 

It appears, by the experiments of Messrs. Allen 
and Pepys, that about 40,000 cubic inches of car- 
bonic acid gas are emitted from the lungs of a healthy 
person daily; which is equivalent to eleven ounces 

solid carbon every 24 hours. 

EMILY. 

What an immense quantity ! And pray how 
tnnch of carbonic acid gas do we expel from our 
lungs at each expiration ? 

MRS. B. 

f The quantity of air which we take into our lungs 
^ each inspiration is about iO cubic inches, which 
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contain a little less than 10 cubic inches of oxygen ; 
and of those 10 inches, one eighth is converted 
into carbonic acid gas on passing once through the 
lungs *, a change which is sufficient to prevent air 
which has only been breathed once from suffering 
a taper to bum in it, 

CAROLINE, 

. Pray how does the air come in contact with the 
blood in the lungs ? 

MRS. B. 

I cannot answer this question without entering 
into an explanation of the nature and structure of 
the lungs. You recollect that the venous blood, 
on being expelled from the right ventricle, enters 
the lungs to go through what we may call the 
lesser circulation ; the large trunk or vessel which 
conveys it branches out, at its entrance into the 
lungs, into an infinite number of very fine ramifica- 
tions. The windpipe, through which the air passes 
from the mouth into the lungs, likewise spreads 
out into a corresponding number of air-vessels, 
which follow the same course as the blood-vessels, 
forming millions of very minute air-cells. These 
two sets of vessels are so interwoven as to form a 
sort of net-work, connected into a kind of spongy 
mass, in which every particle of blood must neces- 
sarily come in contact with a particle of air. 

* The bulk of carbonic acid gas formed by respiration is 
exactly the same as that of the oxygen gas which disappears. 
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nature ; in consequence of which, if one of the 
lobes be wounded, the other performs the whole 

ocess of respiration till the first is he^Lled. 

The blood, thus completed by the process of 
Tespiration, forms the most complex of all animal 
cmnpouiids, since it contains not only the numer- ' 
ous materials necessary for the production of the 
various secretions, as salivo, tears, &c., but likewise 
all those which are required to nourish the several 
parts of the body, as the muscles, bones, nerves, i 

glands, &c. J 

EMILT. I 

There seems to be a singular analogy between I 

the blood of animals and the sap of vegetables ; for I 

each of these fluids contains the several materials 
destined for the nutrition of the numerous class of i 
bodies to which they respectively belong. .^^J 

MRS. B. ^^^( 

Nor is the production of these fluids in the ani- ' 

mal and vegetable systems entirely different; for 
the absorbent vessels, which pump up the chyle 
from the stomach and intestines, may be compared 
to the absorbents of the roots of plants, which 
suck up the nourishment from the soil. And the 
analogy between the sap and the blood may be 
still further traced, if we follow the latter in the 
course of its circulation ; for, in the living animal, 
we find every where organs which are possessed of 
a power to secrete from the blood and appropriate 

L . i 
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^H to themselves the ingredients requisite for dlor 

^^^ CAROLINE. 

^^H But whence do these organs derive their respec- 
^^B tive powers ? 

^^" From a peculiar orgniiisation, the secret of which 
no one has yet been able to unfold. But it must 
be ultimately by means of the vital principle, that 
both their mechanical and chemical powers are 
brought into action. 

I cannot dismiss the subject of circulation with- 
out mentioning perspiration, a secretion which is 
immediately connected with it, and acts a most 

t important part in the animal economy. 
CAHOLINE. 
Is not this secretion likewise made by appro- 
priate glands ? 
MRS. B. 
No : it is performed by the extremities of tfi& 
arteries, which penetrate through the skin 
terminate under the cuticle, through the pores oTi 
which the perspiration issues. When this fluid is 
not secreted in excess, it is insensible, because it 
is dissolved by the air as it exudes from the pores; 
but when it is secreted faster than it can be dis- 
solved, it becomes sensible, as it retains its liquid 
\ form. 

EMILY. 

This secretion bears a striking resemblance to 
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the transpiration of the sap of plants. TTiey both 
consist of the most fluid parts, and both exude 
from the surface by the extremities of the vessels 
through which they circulate. 

MRS. B. 

Nor does the analogy stop here; for, since it 
has been ascertained that the sap returns into the 
roots of the plants, the resemblance between the 
animal and vegetable circulation is become still 
more obvious. The latter, however, is fer from 
being complete; since, as we observed before, it 
consists only in a rising and descending of the sap, 
whilst in animals the blood actually circulates 
through every part of the system. 

We have now, I think, traced the process of 
nutrition, from the introduction of the food into the 
stomach to its finally becoming a constituent part 
of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What further remarks we have to make on the 
animal economy shall be reserved for our next 
interview. 
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EMILY. 

Since our last interview, I have been thinking 
much of the theory of respiration ; and I cannot 
help being struck witli the resemblance which it 
appears to bear to the process of combustion: for 
1 respiration, as in most cases of combustion, the 
air suffers a change, and a portion of its oxygen 
' combines with carbon, producing carbonic acid gas. 

MRS. B. 

I am much pleased that this idea has occurred to 
' you : these two processes appear so very analogous, 
that it has been supposed that a kind of combustion 
actually takes place in tJie lungs ; not of tfie blood, 
but of the superfluous carbon which the oxygen 
attracts from it. 

I CAROLINE. 

A combustion in our lungs ! that is a curious idea, 
indeed [ But, Mrs. B., how can you call the acUon 
of the air on the blood in the lungs combustion, 
when neither light nor heat are produced by it ? 
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EMILY. 

I was going to make the same objection. — Yet 
1 do not conceive how the oxygen can combine 
with the carbon, and produce carbonic acid, with- 
out disengaging heat ? 

MRS. B. 

Whether any light be evolved I cannot pretend 
to determine ; but heat is certainly disengaged in 
considerable and very sensible quantities. It has 
been calculated that the heat produced by respir- 
ation in 12 hours, in the lungs of a healthy person, 
is such as would melt about 100 pounds of ice. 
And this is the principal, if not the only source of 

ANIMAL HEAT. 

EMILY. 

How wonderful ! that the very process which 
purifies and elaborates the blood should afford an 
inexhaustible supply of internal heat ? 

MRS. B. 

This is the theory of animal heat in its original 
simplicity, such nearly as it was first proposed by 
Black and Lavoisier. It appeared equally clear 
and ingenious ; and was at first generally adopted. 
But it was objected, on second consideration, that 
if the whole of the animal heat was evolved in the 
lungs, it would necessarily be much less in the 
extremities of the body than immediately at its 
source ; which is not found to be the case. This 
objection, however, which was by no means frivo- 
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lous, is now satisfactorily removed by the following 
consideration : — Venous blood has been found by 
experiment to have less capacity far heat than 
arterial blood; whence it follows that the bloody 
In gradually passing irom die arterial to the venous 
state, during llie circulation, parts with a portion 
if caloric, by means of which heat is diffused 
irough every part of the body. 

CAROLINE. 

More and more admirable ! The cause of ani- 
mal heat was always a perfect mystery to me, and 
I am delighted with its explanation. But pray, 
"" Irs. B., can you tell me what is the reason of the 
ease of heat which lakes place in fever ? 

EMILY. 

Is it not because we then breathe quicker, andf 
lerefore, more heat is disengaged in the system? 

MItS. B. 

That may be one reason : but I should think 
^lat the principal cause of the heat experienced in 
fever proceeds from a deficiency of vent for the 
caloric which is generated in the body. One of 
the most considerable secretions Is insensible per- 
spiration ; this is constantly carrying off caloric in 
a latent state; but during the hot stage of a fever, 
the pores are so contracted, that all perspiration. 
i, and the accumulation of caloric in the body 
::asions those burning sensations which are so 
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EMILY* 

This is, no doubt, the reason why the perspir- 
ation which often succeeds the hot stage of a fever 
dfFords so much relief. If I had known this theory 
of animal heat when I had a fever last summer, 
I think I should have found some amusement in 
watching the chemical processes tliat were going on 
within me. 

CAROLINE. 

But exercise likewise produces animal heat, and 
that must be quite in a different manner. ^ 

MRS. B. 

Not so much as you think; for the more ex- 
ercise you take, the more the body is stimulated, 
and requires recruiting. For this purpose the 
circulation of the blood is quickened, the breath 
proportionably accelerated, and, consequently, a 
greater quantity of caloric evolved. 

CAROLINE. 

True; after running very fast, I gasp for breath, 
my respiration is quick and hard, and it is just 
then that I begin to feel hot. It would seem, then, 
that violent exercise should produce fever ? 

MRS. B. 

Not if the person be in a good state of health; 
for the additional caloric is then carried off by the 
perspiration which succeeds. 

EMILY. 

What admirable resources nature has provided 
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for us ! By the production of animal heat she tus 
enabled us to lieep up the temperature of our bodis 
above that of inanimate objects; and whenever this 
source becomes too abundant, the excess is carried 
I off by perspiration. 

It is by the same Law of nature that we are 
enabled, in all climates, and in all seasons, to pre- 
serve our bodies of an equal temperature, o 
least very nearly so. 

CAROLINE. 

Yen cannot mean ta say that our bodies are of 
the same temperature in summer and in winter, in 
England and in the West Indies? 

MRS. B. 

Yes, I do ; at least if you speak of the tempera- 
ture of the blood, and the internal parts of the 
body: for those which are immediately in contact 
with the atmosphere (such as the hands and fece) 
will occasionally get warmer, or colder, than the 
internal or more sheltered parts. If you put the 
bulb of a thermometer in your mouth, which is the 
best way of ascertaining the real temperature of your 
body, you will scarcely perceive any difference in 
its indication, whatever may be the difference of 
temperature of the atmosphere. 

CAROLINE. 

Then do you mean to say that when I feel over- 
come by heat, I am really not hotter than when 
am shivering with cold ? 
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MRS. B. 

When a person in health feels very hot, whether 
from internal heat, from violent exercise, or from 
the temperature of the atmosphere, his body is 
certainly a little warmer than when he feels very 
cold ; but this difference is much smaller than our 
sensatioi^s would make us beliieve; and the natural 
standard is soon restored by rest and by perspir- 
ation. It is chiefly die external parts that are 
warmer, and I am sure that you will be surprised 
to hear that the internal temperature of the body 
scarcely ever descends below ninety-five or ninety- 
six degrees, aiid seldom attains one hundred and 
four or one hundred aiid five degrees, even in the 
most violent fevers. 

EMILY. 

The greater quantity of caloric, therefore, which 
we receive from the atmosphere, in summer, can- 
not raise the temperature of our bodies beyond 
certain limits, as it does that of inanimate bodies, 
because an excess of caloric is carried ofi^ by per- 
spiration. 

CAROLINE. 

But the temperature of the atmosphere, and, 
consequently, that of inanimate bodies, is surely 
never so high as that of animal heat ? 

MRS. B. 

Very seldom in this climate ; but in the East and 
West Indies, and sometimes in the southern parts 
of Europe, the atmosphere is frequently above 
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I ninety-eight degrees, wliich is the common tempe- 
l-^Kture ofanimal heat. Indeed, even in this countrji 
t it occasionally happens that the sun's rays, setting 
full on an object, elevate its temperature above 
that point , >•• 

In ilhistration of the power which pur, budie) 
have to resist the effects of external heat. Sit 
Charles Biagden, with some other gentlemeiij 
made several very curious experiments. He re- 
mained for some time in an oven healed to a teicr 
perature not mnch mferior to that of boiling water, 
withont suffering any other inconvenience than a 
profuse perspiration, nhich he supported by drink- 
ing plentifully. These experiments were repeated 
at Paris by M. De la Roche. This enterprising 
philosopher covered the whole of his body, except- 
ing the forehead, with a varnish which effectuaUy 
prevented all perspiration, and in this state he 
entered an oven, heated to the temperature of boil- 
ing water. Nature, which abounds in resources, 
obviated this difficulty by affording a vent to the 
whole of the perspiration at the forehead, which. 
s sent forth a copious stream of water. 

EMILY. 

He cotild scarcely consider the perspiratioa as 
an inconvenience, since it saved him from beuig< 
baked by giving vent to the excess of caloric. 

CAROLINE. 

I always thought, I confess, that it was from 
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the heat of the perspiration that we suffered in 
summer. 

MRS. B. 

You now find that you are quite mistaken. 
Whenever evaporation takes place, cold, you know, 
is produced in consequence of a quantity of caloric 
being carried off in a latent state : this is the case 
with perspiration, and it is thus that it affords 
relief. It is on this account, also, that we are so 
liable to catch cold when in a state of profuse per- 
spiration. It is for the same reason that tea is 
often refreshing in summer, though it appears to 
heat you at the moment you drink it« 

EMILY. 

And in winter, on the contrary, tea is pleasant 
on account of the heat it communicates^ which, not 
being in excess, does not produce perspiration. 

MRS. B. 

We have, then, rather to guard against a defi- 
ciency than a superabundance of caloric \ therefore 
tea will not excite perspiration in winter, unless 
after dancing, or any other violent exercise* 

CAROLINE. 

What is the reason that it is dangerous to eat 
ice after dancing, or to drink any thing cold when 
you are very hot? 

Mrs. b. 
Because the loss of heat arising irom the per- 
spiration, conjointly with the chill occasioned by 
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MRS. B. 

Becauscj if more heal be carried off by the at- 
mospliere than the circulation can supply, the cold 
will finally prevail, the heart will cease to beat, and 
the animal will be frozen. And, Hkewise, if the 
body remained long exposed to a degree of heat 
greater than the perspiration could carry off, it 
would, at last, lose the power of resisting its 
struct! ve influence. 



Fish, I suppose, have no animal heat, but par- 
take of the temperature of the water in which they 
live ; and their coldness, no doubt, proceeds from 
their not breathing? 

MKS. B. 

All kinds of fish breatlie more or less, though 
in a much smaller degree than land animals. Nor 
are they entirely destitute of animal heat, though, 
for the same reason, tliey are much colder than 
other creatures. They have comparatively but a 
very small quantity of blood ; therefore but very 
little oxygen is required, and a proportionally small 
quantity of animal heat is generated. 
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CABOLI NE. 

Jfut how can fish breathe under water ? 




of the air which is dis- 
id if you put them into 
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Bvater deprived of air by boiling, they are quickly 
suffocated. 

If a fish be confioed in a vessel of water closedi 
^^^ftom the air, it soon dies; and any fish put in 
^^■^Isrwards would be killed immediately, as all the 
^^^■t had been previously consumed. 

I 



CAROLINE. 

^* Are there any species of animals which breathe 
lore than we do? 



Yes; birds, of all animals, breathe the 
quantity of air in proportion to their size ; and it 
is to this that they are supposed to owe the pecu- 
liar firmness and strength of their muscles, by 
which they are enabled to support the violent 
exertion of flying. 

This difference between birds and fish, whicli 
may be considered as the two extremes of the bci^~ 
of muscular strength, is well worth observing. 
Birds, residing constantly in the atmosphere, sur- 
rounded by oxygen, and respiring it in greater 
proportions than any other species of animals, 
are endowed with a superior degree of muscular 
strength, whilst the muscles of fish, on the contrary, 
are flaccid and oily : these animals are comparatively 
feeble in their motions, and their temperature is 
scarcely above that of the water in which they live. 
This is, in all probability, owing to their imperfect 
respiration ; the quantity of hydrogen and carbon, 
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which is, in consequence, accumulated in their 
bodies, forms the oil which is so strongly character- 
istic of that species of animals, and which relaxes 
and softens the small quantity of fibrine contained 
in their muscles. 

CAROLINE. 

But, Mrs. B., there are some species of birds 
that frequent both elements; as, for instance, 
ducks, and other water-fowl. Of what nature is 
the flesh of these ? 

MRS. B. 

It partakes of the oily nature, and even In taste 
sometimes resembles that of fish. This is the case 
not only with the various kinds of water-fowls, but 
with all other amphibious animals, as the otter, the 
crocodile, the lizard, &c. 

CAROLINE. 

And what is the reason that reptiles are so 
deficient in muscular strength ? 

MRS. B. 

It is because they usually live under ground, and 
seldom come into the atmosphere. They have 
imperfect organs of respiration; they partake, 
therefore, of the soft oily nature of fish ; indeed, 
many of them are amphibious, as frogs, toads, and 
makes; and very few of them find any difficulty in 
remaining a length of time under water. Whilst, 
on the contrary, the insect tribe, which are so 
strong in proportion to their size, and alert in their 
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motions, partake of the nature of birds, air 
their peculiar element, and their organs of respir- 
ation being comparatively larger than in other 
classes of animals. 

I have now given you a short account of the 
principal animal functions. However interesting 
the subject may appear to you, a fuller investiga- 
tion of it would, I fear, lead us too far from our 
object. 

I EMILY. 

I Yet I shall not quit it without much regret ; Sot 
of all the applications of chemistry, these appear to 
me the most curious and most interesting. — But, 
Mrs. B., I must remind you that you promised to 

give us some account of the nature of jnilk. 

I MRS. B. 

True. There are several other aniniai produc- 
tions which deserve likewise to be mentioned. We 
shall begin with milk, which is certainly the most 
important and the most interesting of all the animal 
secretions. 

Milk, like every other animal substwice, ulti- 
mately yields, by analysis, oxygen, hydrogen, car- 
bon, and nitrogen. These are combined in it, 
under the forms of albumen, gelatine, oil, and 
water. But milk contains, besides, a considerable 
portion of phosphate of lime, the purposes of which, 
I have already informed yon, is to strengthen and 
harden the tender bones of the suckling. 



ON ANJM4L PBODUCTS. 327 

To reduce milk to its elements, would be a very 
complicated, as well as useless operation ; but this 
fluid, without any chemical assistance, may be 
decomposed into three parts, cream^ curds^ and 
"whey. These constituents of milk have but a very 
slight affinity to each other, and you find accord- 
ingly that cream separates from milk by mere 
standing. It consists chiefly of oil, which, being 
lighter than the other parts of the milk, gradually 
rises to the surface. It is of this, you know, that 
butter is made, which is nothing more than oxigen- 
ate8 cream. 

EMILY. 

But is the cream oxigenated by churning? 

MRS. B. 

Its oxigenation commences *, previous to churn- 
ing, merely by standing exposed to the atmosphere, 
from which it absorbs oxygen. The process is 
afterwards completed by churning: the violent 
motion which this operation occasions brings every 
particle of cream in contact with the atmosphere, 
and thus facilitates its oxigenation. 

CAROLINE. 

But the effect of churning, I have often observed 
in the dairy, is to separate the cream into two sub- 
stances, butter and butter-milk. 

* It is proper to mention that the oxigenation of cream, 
which is taken for granted in the above theory, is a disputed 
facL 
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^H^ Thai is to say, in proportion as the oily par*' 
^^Rllicles of the cream become oxigenated, they se- 
^" parate from the other constituent parts of the 
cream in the form of butter. So, by churning, you 
produce, on the one hand, butter, or oxigenated 
oil ; and, on the other, butter-milk, or cream de- 
prived of oil. But if you make butter by churning 
new milk instead of cream, the butter-milk wOl 

kthen be exactly similar in its properties to creamed 
or skimmed milk. 
CAROLINE. 
Yet butter-milk is very different from common 
Rimmed milk. 
Mns. B. 
Because you know it is customary in order to 
save time and labour, to make butter from cream 
alone. In this case, therefore, the butter-milk is 
deprived of the creamed milk, which contains both 
the curd and wliey. Besides, in consequence of the 
milk remaining exposed to the atmosphere during 
the separation of the cream, the latter becomes 
more or less acid, as well as the butter-miik which 
it yields in churning. 

EMILY. 

Why should not the butter be equally acidified 
t by oxigenation ? 

MRS. B. 

Animal oil is not so easily acidified as the other 
ringredients of milk. Butter, tlierefore, though 
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usually made of sour cream, is not sour itself, 
because the oily part of the cream had not been 
acidified. Butter, however, is susceptible of be- 
coming acid by an excess of oxygen; it is then 
said to be rancid, and produces the sebacic acid, 
the same asth^lJ"^"^^^ rs obtained from fat. 

EMILY. 

If that be the case, might not rancid butter be 
sweetened by mixing with it some substance that 
would take the acid from it ? 

MRS. B. 

This idea was suggested by Sir. H. Davy, 
who supposed, that if rancid butter were well 
washed in an alkaline solution, the alkali would 
separate the acid from . the butter. 

CAROLINE. 

You said just now that creamed milk consisted of 
curd and whey. Pray, how are these separated ? 

MRS. B. 

They may be separated by standing for a cer- 
tain length of time exposed to the atmosphere ; 
bat this decomposition may be almost instanta- 
neously effected by the chemical agency of a variety 
of substances. Alkalies, rennet *, and indeed al- 
most all animal substances, decompose milk by 
combining with the curds. 

* Rennet is the name given to a watery infusion of the 
COBts of the stomach of a sucking calf. Its remarkable effi- 
cacy in promoting coagulation is supposed to depend on the 
gastric juice with which it is impregnated. 
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Aciils And spirituuus liquors, on the other hand, 
produce a decom position by combining with the 
whey. In order, therefore, to obtain the whey 
pure, rennet, or alkahne substances, must be used 
to attract the curds from it. 

But if it be wished to obtain the curds pure, the 

»wbey must be separated by acids> wine, or 
||iirituous liquors. 
' EMILT. 

This is a very useful piece of information; Bt 
I find white-wine whey, wliich I sometimes take 
vhen I have a cold, extremely heating; now, if the 
whey were separated by means of an alkali instead 
of wine, it would not produce that effect. 

MBS. B. 

Perhaps not. But I would strenuously advise 
you not to place too much reHance on your slight 
chemical knowledge in medical matters. I do not 
know why whey is not separated from curd by 
rennet, or by an alkali, for the purpose which yoa 
I mention : but I strongly suspect that there mast be 
I some good reason why the preparation by means 
of wine is generally preferred. I can, however, 
safety point out to you a method of obtaining whey 
without either alkah, rennet, or wine ; it is by sub- 
stituting lemon-juice, a very small quantity of which 
separate it from the curds. 

article of diet, is very wholesome, 
f light of digestion. But its 
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taken medicinally, is chiefly, I believe, to excite 
perspiration, by being drunk warm on going to 
bed. 

From whey a substance may be obtained in 
crystals by evaporation, called sugar of miUc. 
This substance is sweet to the taste, and in its 
composition is so analogous to common sugar, J 

P that it is susceptible of undergoing the vinous fer- I 

mentation. I 

CAROLINE. 1 

Why then is not wine, or alcohol, made from ' 

whey? 

MRS. B. 

The quantity of sugar contained in milk is so 
trifling, tliat it can hardly answer that purpose. I 
I have heard of only one instance of its being used 
fer the production of a spirituous liquor, and this 
is by the Tartar Arabs : their abundance of horses, 
as well as their scarcity of fruits, has introduced 
the fermentation of mares' milk, by which they 
produce a liquor called koumiss. Whey is like- 
wise susceptible of being acidified by combining 
with oxygen from the atmosphere. It tJien pro- 
duces the lactic acid, which you may recollect is 
classed with the animal acids as the acid of milk. 
Let us now see what are the properties of curds. 

EMILY. 

I know that they are made into cheese; but I 

have heard that for that purpose they are separated 

I &om the whey by rennet j and yet this you haye | 



I jusE told I 
I curds. 
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a of cheese. For the nature and fliivour of the 
cheese depend, in a great measure, upon the crt 
or oily matter which is left in the curds ; so that if 
every particle of cream be removed from the curds,, 
the cheese Is scarcely eatable. Rich cheeses, such 
as cream and Stilton cheeses, derive their excel- 
lence from the quantity, as well as the quality, of the 
cream that enters into their composition. 

CAROLINE. 

I had no idea that milk was such an interesting 
compound. In many respects there appears to 
to be a very striking analogy between milk fttid 
the contents of an egg, both in respect to their na^ 
ture and their use. They are each of them con]<^ 
posed of the various substances necessary for tbt 
nourishment of the young animal, and equally des- 
tined for that purpose. 

MRS. B. 

There is, however, a very essential diiFereno 

The young animal is formed, as well as nourishe( 

by the contents of the egg-shell; whilst milk servi 

as nutriment to the suckling, only after it is bora 

There are several peculiar animal snbstanci 

which do not enter into the general enumeratioa i 

limal compounds, and which, however, deserve I 

s mentioned. 
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Spo-maceti is of this class ; it is a kind of oily 
substance obtained from tlie head of the whale, 
which, however, must undergo a certain prepar- 
ation before it is in a fit state to be made into 
candles. It is not much more combustible than 
tallow, but it is pleasanler to burn, as it is less 
liisible and less greasy. 

Ambergt-is is another peculiar substance derived 
from a species of whale. It is, however, seldom 
obtained from the animal Itself, but is genei'ally 
Jbund floating on the surface of the sea. 

Wax, you know, is a concrete oil, the peculiar 

product of the bee, part of the constituents of 

which may probably be derived from flowers, but 

'to prepared by the organs of the bee, and so 

Led with its own substance, as to be decidedly 

imal product. Bees' wax is naturally of a 

colour, hut it is bleached by long exposure to 

osphere, or may be instantaneously whilen- 

chtorine. The combustion of wax is far 

perfect than that of tallow, and consequently 

ices a greater quantity of light and heat. 

substance very similar to wax in the 
;r of its formation: it is the product of an 
which collects its ingredients from flowers, 
^parently for the purpose of protecting its eggs 
'ftom injury. It is formed into cells, fabricated with 
as much skill as those of the honey-comb, but dif- 
ferently arranged. The principal use of lac is in 
die manufacture of sealing-wax, and io making 
varnish and lackers. 
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Musfe, civet, and caslar, are other particular 
ductions, from different species of quadrupe3s 
The two first are very powerful perfumes ; the 
latter has a nauseous smeil and taste, and is only 
_DSed medicinatly. 

CAROLINE. 

Is it from this substance that castor oil is ob- 
tained ? 

MJIS. B, 

No. Far from it ; for castor oil is a vegetable 
oil, expressed from the seeds of a particular plant, 
and has not the least resemblance to the medicinal 
substance obtained fronrt the castor. 

Sii/c is a peculiar secretion of the silk-worm, 
with which it boilds its nest or cocoon. TTiis in-' 
sect was originally brought to Europe from China. 
Silk, in its chemical nature, is very similar to the' 
hair and wool of animEils ; whilst in the insect tC 
is a fluid, which is coagulated, apparently by' 
uniting with oxygen, as soon as it comes in con^ 
tact with the air. The moth of the silk-worniJ 
ejects a liquor which appears to contain a pepuliat* 
acid, called bombic acid, the properties of whicb are- 
but very little known. 

EMILY. 

Before we conclude the subject of the animal 
economy, shall we not learn by what steins dead 
I animals return to their elementary state ? 

MRS. B. 

Animal matter, although the most complicated'' 



ON ANIMAL PRODUCTS. 385 

of all animal sul;>stances, returns to its elementary 
state by one single spontaneous process, the pu- 
trid fermentation. By this, the albumen, fibrine^ 
&c. are slowly reduced to the state of oxygen, 
hydrogen, nitrogen, and carbon; and thus the 
circle of changes through which these principles 
have passed is finally completed. They first 
quitted then* elementary form, or their combin- 
ation with unorganised matter, to enter into the 
vegetable system. Hence they were transmitted 
to the animal kingdom ; and from this they return 
again to their primitive simplicity, soon to re-enter 
the sphere of organised existence. 

When all the circumstances necessary to pro- 
duce fermentation do not take place, animal, like 
vegetable matter, is liable to a partial or imper- 
fect decomposition, which converts it into a com- 
bustible substance very like spermaceti. I dare 
say that Caroline, who is so fond of analogies, will 
consider this as a kind of animal bitumen. 

CAROLINE. 

And why should I not, since the processes which 
produce these substances are so similar ? 

MRS. B. 

There is, however, one considerable difference ; 
the state of bitumen seems permanent, whilst that 
of animal substances, thus imperfectly decomposed, 
is only transient ; and unless precautions be taken 
to preserve them in that state, a total dissolution 
infallibly ensues. This circumstance, of the occa- 
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t sional conversion of animal matter into a kind of 
f spermaceti, is of late discovery. A manufacture 
was in consequence established near Bristol, iir 
which, by exposing the carcasses of horses and othec 
animals for a length of time under water, the niD»* 
cular parts were converted into this spermaceti-like 
substance. But the attempt has been relinquished, 
it having been found impracticable sufficiently ta 
purify the fatty substance. 

Thus art contrives to enlarge the sphere of useful 
purposes, for which the elements were Intended by 
nature ; and the productions of the several king- 
doms are frequently arrested in their course, and 
variously modified, by human skill, which compels 

I them to contribute, under new forms, to the 

^^t sitles or luxuries of man. 

^^1 But all that we enjoy, whether produced by tjlfr 

^^P spontaneous operations of nature or the inj 

efforts of art, proceed alike from the goodnesS|<^: 
Providence. — To God alone man owes the adiiii- 
rable faculties which enable him to Improve Bsd 
modify the productions of nature, no less than thoat 
productions themselves. In contemplating the 
works of the creation, or studying the inventions 
of art, let us, therefore, never forget the Divine 
Source from which they proceed; and thus every 

^^ acquisition of knowledge will prove a lesson of piety 

^^L and virtue. 
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(Filer, n. S9. 


Miea, ii. 63. 




Miik, ii. 280. 28G. ssie. 


Linseed oil. ii. 166. 


Minerals, L 301. iL iS. 


Liqueurs, ii. 210. 


Mineral adds, ii. 70. 


Lithuge, i. 305. 


waters, i. 388. iL IW. 


Lithic add, ii. 72. 


Miner's lamp, L 345. 


LitiiioD, ii. 33. 


Miiture, i. 92. 


Lithium, >. 15. 




LiTer, ii. 288- 


Molybdenum,!. 18.334. 


Lobee, ii. S4I. 310. 


Mordant, ii. 153. 179. 


Lunar cmuitic, or nilrate of 


Moioinlicadd, ii. 71. 184. - 


aiWer, i. 333. ii. HI. 


Mortar, ii. 53. 63. 


Lungs, ii. 298. 309. 


Mudlage, ii. 1.53. IK. 


Lymph, ii. 2B£. 


Mucous acid, ii. 71. 157. IS*. 


Lymphatic Tesacls, U. 279. 285. 








■ 


lime, L 93. 


. soda, or common aiu 




ii. 127. 137. 


^V MaeDeeium, i. 15. 


potash, iL 138. 


^" MagrMicneedle, i. 185. 


Muriates, ii. 138. 




Muriatic add, or marine and. 


IridtroD, i. 184. 


L347. ii.70. 127. 


M.licacid,u.71.184. 


Muscles of animals, iL 279. 183, 


Malleable m«alt,i. 17. 


Musk, ii. 334. 


^H »all,ii. 198. 


Myrrh, iL 175, 


^^m Kwiguiae, i. I8..30S. 
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K. 

Naphtha, i. S39. ii. 225. 
Native vegetable alkaUes, ii. 

187. 
Negative electricity, i. 174. 
Nerves, ii. 261. 279. 288. 
Neatral, or compound salts, L 

819. ii.4. 24.66. 
Nickel, i. 18. 326. 
Nitrate of copper, ii. 5* 
— ^— ammonia, ii. 106. 111. 
potash, or nitre, or 

saltpetre, ii. 33. 98. 108. 

silver,or lunar caustic^ 



iL 111. 
intrates, ii. 108. 
Nitre, or nitrate of potash, or 

saltpetre, ii. 33. 98. 108. 
Nitric add, ii. 70. 94. 
Nitrogen, or azote, i.l87. ii. 94. 
— — gas, i. 188. 211. 
Nitro-muriatic add, or aqua 

regia, I 324. ii. 132. 
Nitrous add gas, ii. 95. 100. 
— — — « air, or nitric oxide gas, 

L 189. ii. 101. 
Nomenclature of adds, i. 5. 9. 

ii. 66. 

of compound 



salts, ii. 4. 24. 



of other binary 



compounds, i. 271. 
Nut-galls, ii. 92. 186. 
Nut-oil, ii. 166. 
Nutrition, ii. 278. 
Nutritive secretions, iL 287. 

O. 

Ochres, i. 305. 

Oil of amber, ii. 226. 

— -» vitriol, or sulphuric add, 

ii.76. 
Oils, i. 296. ii. 163. 
Oleic acid, ii. 72. 272. 
Olive oil, ii. 166. 
Ores, i. 302. 



Organisation, ii. 149. 
Organised bodies, ii. 149. 
Organs of animals, ii. 279. 290. 
^— — vegetables, ii. 156. 

246. 254. 
Osmium, i. 18. 331. 
Oxalic acid, ii. 71. 184. 
Oxide of manganese, i. 303. 

. iron, i. 205. 305. 

lead, i. 302. 305. 

■ sulphur, ii. 86. 

Oxides, i. 20a 

Oxidation, or oxigenation, i. 

200. 
Oxygen, i. 10. 187. 201. 
.-^— gas, or vital air, L 1 88. 

202. 
Oxymuriatic add, ii. 129. 

P. 

Palladium, i. 17.331. 

Papin's digester, i. 1 12. ii. 266. 

Parenchyma, ii. 240. 248. 

Particles, i. 20. 

Pearl-ash, ii. 26* 

Peat, ii. 226. 

Peculiar juice of plants, ii. 250. 

Perchlorates, ii. 137. 

Perfect metals, i. 17. 308. 

Perfumes, ii. 170. 

Perkins's, Mr., experimenta for 

condensing air, i. 189. 
Perspiration, ii. 312. 317. 
Petrification, ii. 223* 
Pewter, i. 327. 
Pharmacy, i. 4. 
Phosphate of lime, ii. 93. 279. 
Phosphorescence, i. 30. 
Phosphoret of lime, i. 271. 325. 
.-~— ^— -.^ sulphur, i. 271. 

325. 
Phosphorets, i. 325. 
Phosphoretted hydrogen gas, 

i. 270. 
Phosphoric acid, i. 266. ii. 70. 

92. 
Phosphorous acid, i. 267. U. 92. 



r 



■. i. 17. S08. 334. 

- igniled b; a lamp vr'oh- 

fltme; Mr. Dabetdner'i 

iiimeni, i. 311. 

g, i. 389. 

>ngo,orbWk-]uid,i. 394. 

ila, ii. 341. 

pomtive, i. 180- 

negative, i. ISO. 

■in, ii. 55. 

re electricity, i. 174. 

I, i. 33S. ii. 31. 

iutn, i. 14. 339. ii. Si, 






Ilxcliatlon af caloric, L( 

illustrations, i. S8. 
Radical), ii. 4. €6. 
Hsdicle, or root, ii. 341. 
Haio, i. 97. 
Raikcidity, ii. ITa 
Rectilicationi ii. 909. 
Reflection of caloric, i. S2. 
Itcp-ljles, ii. 335. 
Reiinous electricity,!. 174. 
ResidB, ii. 152. 1T4. 348. 
Resinnttion, ii. see. "'"" 
Herival of treta' ^,3. 
Rhadium, i. It). 331. 
Roo^ng melals, i. 309. 
Ruck cryats), ii. 51, 
Ruby, ii. 56. 
Kuoi, ii. aOS. 
Hust,i. 304. 314. 



rs' inli, u. 135. 

tide of chlorine, ii. 137. 

an blue, or prutsiate of 

, ii. 274. 376. 

jite of iron, or Pnunan 

I, ii. 374. 376. 

potash, ii. 273. 

ic acid, ii. 73. 373. 

1 fennentation, ii. 331. 



lcitriGacid,ii.71. 184. 

jmalicarid, ii. 71. 184. 

[tartaricBcid, ii. 71. 1S4. 



Iclmlfor 



Sacchnrine rerraentation, ii. 
Safety-lamp, i. 345, 34T. 
Sal BiDmoniac, or nuirimrH 
aramonia, ii. 36. 



Saliva 
5alt, ii. E 



ii. 287. 



Saltpetre, or nitre, or ni 
Iiotasb, ii. 33. 98. lOt 

Sand, ii, 32.501 

Sandstone, ii. 50. 

Sap of plana, ii. 153. }se.t 
346. 953. 335. 

Sapphire, ii. 56. 

Saturation, i. 94. 

Scorife, i. 302. 

Seas, temperature of, !. 8a I 

Sebacic add, ii. 73. 170. 9 
339. 

Secretiona, ii. 367. 

Seeds of plants, ii. 197. 354^^ 

Sced-learea, ii. 34!. 

Selenium, i. 18. 331. 




^ INDEX. ^^H 


^Vsolphite of inxxoma, ii. 5. 


Tungsten, i. 334. < ^^H 


^^ Sulphur, i. 851. 


TungBUnic acid, ii. 70. ^^M 




_^^l 








'*^l 


189. )i.3TI. 




Sulphuric add, L S.^9. ii. Ta 




-fi. S3. 


Vflpour. i. 36. 47- 87. ISft 




V»fHislies. ii. 17S. 


ii. 83. 


Vi.'gcmblesdd, i.S96. n.Tl.IBK 




colours, ii. 178. 


^^Lii.67. 


bMt, ii. 2S5. 


^^^mpubelic iak, i. 33G. 


oLls.ii. I(i7. 


^K,<b«is,i.2T6. 


oxides, !. Q96. 


^■^ 


Vegelablea, ii. 149. 


^H 


Vdni, ii. 284. 309. 


^H 


Venous blood, ii. 283.903. SIS. 


^■^ 


Vontrielea, ii. 3CM. 


^^FTkn, ii. ISO. 


VL-rdiBris, i. 335. 


^^•T«miin, ii. 152. IT9. 




Tanulium, i. 3sl. 


Vinegar, ii. 218. 


Th, ii. 174. 


Vinous fermentation, iL 199. 


TarlaricKid.ii. 71. 184. 


Viul nlr, or oxygen ga., L IBB. 


TutnlE of polBsh, ii. 184. 




Trars, ii. S87. 


Vitriol, or sulphate of inw, 


Te«h, ii. 28a 


iLve. 




Volatile >11»ii, i. 345. <!. SS. 


10 Temptnlure, i. 33. 


oii5, ii. 152. 163. ssa 


^^11uiw,i.l4T. 




^^^KTbermoiaeten, i. 39. 




^ ,F>h™nhdl'«, i. 


Voltaic biuturj, 1.178.183. SaO. 


^B ^^• 


309. ii. 17. 


^^Ti ' '^"""■'' 




CrnlipnclL i l"" 


U. 










Uranium, i. IS. 


Thoriniun, i. IS. 


W. 


ThimJer, i. 344. 


Tin. i. 17. SSS. 


Water, i. 215. ii. S4«. 


^^ Tinctures, ii.SII. 


, decomposition o^ bjeleo- 


^HAuiiium, i. 18. 331. 


tricity.i. 219. 


^^■birC ii. 2dC. 






.oftheKB, i. aa 


^^^^bunuKy of bodies, ii. 31. 


, boiling, i. 87. 


^^^^■Kjfagitui of pUati, 


, solution bj, i. 89. ^_ 
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Water of crystallisation, i. 824. 

Wax, ii. 165. 333. 

Whey, ii. 327. 

White lead, i. 305. 

White of eggs, ii. 159. 

WiU^f-the-Wisp, i. 270. 

Wine, ii. 199. 

Wood, ii. 250. 

Woody fibre, ii. 152. IBS. 

Wool, ii. 280. 



Y. 

Yeast, ii. 219. 
Yellow amber, ii. 226. 
Yttria, ii. 44. 
Yttrium, i. 15. 

Z. 

Zinc, i. 18. 
Zirconia, ii, 44. 
Zirconium, i. 15. 
Zoonic add, ii. 72. 272. 



THE END. 



